



COWLES FOUNDATION FOR RESEARCH IN ECONOMICS 
AT YALE UNIVERSITY 
 
Box 2125, Yale Station 










Note: Cowles Foundation Discussion Papers are preliminary materials 
circulated to stimulate discussion and critical comment.   
Requests for single copies of a Paper will be filled by the 
Cowles Foundation within the limits of the supply.  References 
in publications to Discussion Papers (other than mere 
acknowledgment by a writer that he has access to such 
unpublished material) should be cleared with the author to 






A STOCHASTIC INFINITE-HORIZON ECONOMY WITH 
SECURED LENDING, OR UNSECURED LENDING AND BANKRUPTCY 
 
Ioannis Karatzas, Martin Shubik, William D. Sudderth 
 
August 1997 D Vwrfkdvwlf Lqqlwh0Krul}rq Hfrqrp|
zlwk Vhfxuhg Ohqglqj/
ru Xqvhfxuhg Ohqglqj dqg Edqnuxswf|
L1 Ndudw}dv/ P1 Vkxeln dqg Z1 VxgghuwkW
Uhylvhg Mxo| 58/ 4<<:
Frqwhqwv
4 L q w u r g x f w l r q111111111111111111111111111111111111 4
5 S o d | d e o hV w u d w h j l fP d u n h wJ d p h v111111111111111111111111 6
5 1 4 Df k d q j hl qw k hs d u d g l j p1111111111111111111111111 6
515 Uxohv/ lqvwlwxwlrqv/ erxqgv/ frqwlqxlw| dqg frpsdfwqhvv 1 1 1 1 1 1 1 1 7
6 P r g h o l q jF r q v l g h u d w l r q v11111111111111111111111111111 8
6 1 4 V r p hQ h h g h gH { s o d q d w l r q vl qdW k h r u |r iP r q h |111111111111 8
6 1 5 S u h o l p l q d u |F r q g l w l r q v 11111111111111111111111111 9
7 W k hP d u n h wZ l w k r x wO r d q v 111111111111111111111111111 ;
8 W k hP d u n h wz l w kO r d q vi u r pd qR x w v l g hE d q n 1111111111111111 4 5
8 1 4 G l  h u h q ww | s h vr io h q g l q jd u u d q j h p h q w v 11111111111111111 4 5
8 1 5 W k hr x w v l g hr uj r y h u q p h q we d q n 111111111111111111111 4 6
8 1 6 R qv h f x u h go h q g l q j11111111111111111111111111111 4 6
8 1 7 D qr x w v l g he d q nz l w kd f w l y he d q n u x s w f |11111111111111111 4 <
9 DP r q h |P d u n h wi r uO r d q v 111111111111111111111111111 5 4
: R e v h u y d w l r q vr qdV | v w h pz l w kI l d wP r q h |d q gO r d q v111111111111 5 7
; DSSHQGL[= Dq Rswlpdolw| Surri 1 1 111111111111111111111 5 :
WUhvhdufk vxssruwhg lq sduw e| wkh Qdwlrqdo Vflhqfh Irxqgdwlrq Judqwv GPV<64<;49/ GPV
<75633</ dqg lq sduw e| wkh Frzohv Irxqgdwlrq dqg wkh Vdqwh Ih Lqvwlwxwh1D Vwrfkdvwlf Lqqlwh0Krul}rq Hfrqrp|
zlwk Vhfxuhg Ohqglqj/
ru Xqvhfxuhg Ohqglqj dqg Edqnuxswf|
L 1N d u d w } d v /P 1V k x e l nd q gZ 1V x g g h u w k
Devwudfw= Prgholqj sureohpv iru d prqhwdu| hfrqrp| duh glvfxvvhg
dqg vrph h{dpsohv duh suhvhqwhg lq wkh frqwh{w ri dq lqqlwh0krul}rq
hfrqrp| zlwk rqh ru wzr w|shv ri wudghuv/ zkr xvh dw prqh| wr ex| d
vlqjoh shulvkdeoh frqvxpswlrq jrrg1 Wkuhh lqvwdqfhv duh frqvlghuhg/ doo
zlwk wudqvdfwlrqv lq dw prqh|1 Wkh uvw prgho kdv qr eruurzlqj ru ohqg0
lqj1 Wkh vhfrqg prgho shuplwv erwk eruurzlqj dqg ohqglqj/ exw doo ordqv
duh vhfxuhg1 Wkh wklug prgho kdv eruurzlqj dqg xqvhfxuhg ohqglqj/ dqg
wdnhv lqwr dffrxqw wkh suhvhqfh ri ghewruv zkr duh xqdeoh wr krqru wkhlu
ghewv dqg jr edqnuxsw1 Eruurzlqj dqg ghsrvlwlqj wdnh sodfh wkurxjk dq
rxwvlgh edqn/ dowkrxjk lq vrph flufxpvwdqfhv d prqh| pdunhw frxog eh
xvhg lqvwhdg1 Frqglwlrqv iru glhuhqw irupv ri ohqglqj duh glvfxvvhg1 Wklv
lv d vxuyh| ri wkuhh whfkqlfdo sdshuv/ zkhuh wkh pdwkhpdwlfdo prghov duh
ghyhorshg lq ghwdlo dqg wkh surriv duh vxssolhg1
4L q w u r g x f w l r q
Wklv lv d qrqwhfkqlfdo vxuyh| ri vrph prgholqj sureohpv lq wkh wkhru| ri prqh| dqg
qdqfldo lqvwlwxwlrqv1 Vhyhudo vlpsoh h{dpsohv duh suhvhqwhg lq rughu wr looxvwudwh wkh
hfrqrplf glvwlqfwlrqv lq d g|qdplf pdunhw zlwk dw prqh|/ zlwk ru zlwkrxw ohqglqj/
dqg zlwk ru zlwkrxw dfwlyh edqnuxswf|1 Wkhvh h{dpsohv duh sduw ri rxu fxuuhqw
zrun lqyroylqj wkh ghvfulswlrq dqg dqdo|vlv ri lqqlwh0krul}rq h{fkdqjh hfrqrplhv
dv vwudwhjlf pdunhw jdphv4 zlwk pdq| vpdoo djhqwv15 Wkhuh duh pdq| whfkqlfdo
gl!fxowlhv lq wkh jhqhudo pdwkhpdwlfdo dqdo|vlv/ dqg pdq| rshq sureohpv1 Wklv
vxuyh|/ zlwkrxw ghoylqj lqwr wkh ixoo irupdo pdwkhpdwlfdo dssdudwxv qhhghg wr pdnh
wkh dqdo|vlv uljrurxv/ surylghv d khxulvwlf glvfxvvlrq dqg looxvwudwhv pdq| ri wkh
prgholqj sureohpv1
Wkuhh frpsdqlrq sdshuv ^Ndudw}dv/ Vkxeln dqg Vxgghuwk +khuhdiwhu/ NVV,/ 4<<7/
4<<:> dqg Jhdqdnrsorv/ Ndudw}dv/ Vkxeln dqg Vxgghuwk +khuhdiwhu/ JNVV,/ 4<<:`
surylgh irupdo surriv ri wkh qdwxuh ri wkh vwdwlrqdu| zhdowk glvwulexwlrqv dqg vrph
uhvxowv rq wkh h{lvwhqfh ri htxloleulxp lq hfrqrplhv xqghu +l, qr ohqglqj/ +ll, xqghu
vhfxuhg ohqglqj/ dqg +lll, xqghu ohqglqj zlwk edqnuxswf|1 Zkhuh dssursuldwh/ zh
4Vhh Vkxeln +4<:6,/ Vkdsoh| +4<:9,/ Vkdsoh| dqg Vkxeln +4<::, iru h{srvlwru| duwlfohv rq vwudwhjlf
pdunhw jdphv/ dqg Vkxeln dqg Zklww +4<:6, iru dq lqqlwh krul}rq jdph zlwkrxw h{rjhqrxv xqfhu0
wdlqw|/ Ndudw}dv/ Vkxeln dqg Vxgghuwk/ dovr Jhdqdnrsorv/ Ndudw}dv/ Vkxeln dqg Vxgghuwk +uhihuuhg
wr khqfhiruwk dv NVV/ 4<<7> NVV/ 4<<:> dqg JNVV/ 4<<:, iru dq lqqlwh krul}rq jdph zlwk h{rjhqrxv
xqfhuwdlqw|1
5Whfkqlfdoo|/ d frqwlqxxp ri djhqwv1
4lqglfdwh frqmhfwxuhv zklfk krog iru fhuwdlq h{dpsohv/ exw kdyh qrw |hw ehhq suryhg
lq dq| jhqhudolw|1
Xvlqj vrph h{wuhpho| vlpsoh hfrqrplf prghov/ rxu sxusrvh lv wr looxvwudwh vhyhudo
ihdwxuhv ri d g|qdplf hfrqrp| zlwk dw prqh| dqg vrph irupv ri ordq pdunhwv1 Lq
sduwlfxodu/ zh dgguhvv vrph ri wkh iroorzlqj txhvwlrqv=
+4, Zkdw frqvwlwxwhv ixoo| vhfxuhg ohqglqjB
+5, Krz lv dw prqh| frqvhuyhg lq dq hfrqrp| zlwk edqnuxswf|B
+6, Krz fdq xqsdlg ghewv eh glvfkdujhgB
+7, Zkdw duh wkh frqglwlrqv xqghu zklfk lqwhuhvw udwhv iru ohqglqj dqg vdylqj vkrxog
ru vkrxog qrw eh htxdoB
+8, Zkdw lv wkh uhodwlrqvkls ehwzhhq wkh lqwhuhvw udwh iru vdylqj dqg wkh qdwxudo
glvfrxqw idfwru +zklfk dsshduv lq wkh xwlolw| ixqfwlrq ghqhg lq Vhfwlrq 7,B
+9, Xqghu zkdw flufxpvwdqfhv fdq d ordq pdunhw/ wrjhwkhu zlwk wkh dssursuldwh
ghidxow uxohv/ eulqj derxw Sduhwr0rswlpdo htxloleulxpB
+:, Zkhq fdq d prqh| pdunhw vxevwlwxwh iru d fhqwudo edqnB
+;, Zkhq dqg zk| duh erxqgv uhtxluhg rq wkh dprxqwv wkdw dq lqglylgxdo fdq
eruurzB
+<, Zkdw duh wkh lqirupdwlrq dqg frppxqlfdwlrq uhtxluhphqwv iru d yldeoh fuhglw
pdunhw zlwk vhfxuhg ohqglqjB
+43, Grhv wkh lqwurgxfwlrq ri d ordq pdunhw lq dq hfrqrp| zlwk xqfhuwdlqw| lpsuryh
wkh zhoiduh ri doo djhqwvB
+44, Zkdw duh wkh frqglwlrqv uhtxluhg rq dq rxwvlgh edqn wr uxq d ordq pdunhw/ li
wkh sulydwh vxsso| dqg ghpdqg iru prqh| duh qrw htxdoB
+45, Krz srzhuixo dq lqvwuxphqw fdq prqhwdu| srolflhv eh/ yld wkh frqwuro ri lqwhuhvw
udwhv iru eruurzlqj dqg vdylqj/ ru yld fuhglw uhvwulfwlrqvB
+46, Zkdw fdq eh vdlg derxw wkh g|qdplfv ri wkh pryhv ri wkh djhqwv zkhq wkh
hfrqrp| lv rxw ri htxloleulxpB
+47, Zkdw lqwhuyhqwlrqv duh qhhghg wr suhyhqw sulfh fudvkhv ru h{sorvlrqvB
+48, Zkdw fdq eh vdlg derxw wkh yhorflw| ri flufxodwlrq ri prqh|B
Wkh jhqhudo uhvxowv lq rxu rwkhu sdshuv dqg wkh h{dpsohv surylghg ehorz jlyh
dqvzhuv/ ru dw ohdvw vrph lqvljkwv/ lqwr wkh dqvzhuv wr wkhvh sureohpv1
55 Sod|deoh Vwudwhjlf Pdunhw Jdphv
514 D fkdqjh lq wkh sdudgljp
Lq hfrqrplf wkhru|/ d frqwudvw lv pdgh ehwzhhq vwdwlfv dqg g|qdplfv1 Wkhuh duh
wkh vwdwlf jhqhudo0htxloleulxp dqg sduwldo0htxloleulxp wkhrulhv dqg/ lq frqwudvw/ wkhuh
duh d krvw ri roljrsro| prghov/ jurzwk wkhrulhv/ lqqrydwlrq prghov dqg edujdlqlqj
wkhrulhv zkhuh vrph irup ri g|qdplfv lv srvwxodwhg1
Zh vxjjhvw dq lqwhuphgldwh vwdjh ehwzhhq wkh qrqlqvwlwxwlrqdo vlpsolflw| ri jhq0
hudo htxloleulxp dqg wkh h{solflw ehkdylrudolvp ri pdfurhfrqrplfv ru dq| g|qdplf
prgho lqyroylqj prwlrq1 Wklv vwdjh frqwdlqv ixoo|0ghqhg surfhvv prghov vwxglhg iru
wkhlu htxloleulxp surshuwlhv1 Lpsolflw ru h{solflw dvvxpswlrqv duh uhtxluhg dv wr krz
h{shfwdwlrqv duh iruphg dqg krz hfrqrplf djhqwv xsgdwh wkhlu pryhv lq rughu wr
ghvfuleh wkhlu odzv ri prwlrq/ hyhq wkrxjk rqo| htxloleulxp pd| eh vwxglhg1
Ehiruh rqh fdq glvfxvv ehkdylru fduhixoo|/ lw lv qhfhvvdu| wr kdyh d ixoo ghvfulswlrq
ri wkh jdph1 Doo ihdvleoh pryhv e| hdfk djhqw pxvw eh vshflhg/ dorqj zlwk wkhlu
sd|rv xqghu hyhu| frqfhlydeoh sod| ri wkh jdph1 Wklv uhtxluhphqw kdv qrwklqj wr gr
zlwk htxloleulxp/ zlwk udwlrqdolw| ru zlwk dq| dvvxpswlrqv derxw krz lqglylgxdov
vkrxog ehkdyh1 Lq whupv ri jdph wkhru| lw lv phuho| wkh uhtxluhphqw wkdw doo wkh
uxohv eh zhoo0ghqhg1 Lq wkh whuplqrorj| ri vwrfkdvwlf surfhvvhv/ lw lv wkh uhtxluhphqw
wkdw wkh rxwfrph iru hyhu| hohphqw lq wkh vwdwh vsdfh eh zhoo0ghqhg1 Wkh hdvlhvw
zd| wr ylhz wklv uhtxluhphqw lv lq whupv ri dq h{shulphqwdo jdph1 Li wkh jdph lv wr eh
sod|hg zlwkrxw txhvwlrqv wr wkh uhihuhh/ wkh uxohv pxvw eh nqrzq wr dqg xqghuvwrrg
e| doo/ dqg wkh| pxvw vshfli| fohduo| zkdw kdsshqv xqghu doo flufxpvwdqfhv1
Dqrwkhu dgydqwdjh wkdw frphv iurp wklqnlqj lq whupv ri d zhoo0ghqhg sod|deoh
jdph/ lv wkdw lw khosv rqh wr dyrlg plvsodfhg hpskdvlv rq xqqhfhvvdu| ghwdlov ri
lqvwlwxwlrqdo uhdolvp1 Lqvwhdg ri wu|lqj wr fdwfk doo ri wkh ihdwxuhv ri vshflf lqvwl0
wxwlrqv zklfk duh wkh fduulhuv ri hfrqrplf dqg qdqfldo surfhvv/ rqh frqfhqwudwhv rq
plqlpdo lqvwlwxwlrqv/ l1h1/ rq wkrvh uxohv zklfk duh plqlpdoo| vx!flhqw wr shuplw wkh
dssursuldwh ixqfwlrq wr eh shuiruphg1
Wkh wlwoh ri wklv vhfwlrq lv d fkdqjh lq wkh sdudgljp1 Wkh fkdqjh sursrvhg
khuh lv iurp htxloleulxp prgholqj/ zklfk lpsolflwo| dyrlgv g|qdplfv dqg grhv qrw
ixoo| ghqh wkh vwdwh0vsdfh rxw ri htxloleulxp/ wr jdph0wkhruhwlf dqg h{shulphqwdo
jdplqj prgholqj/ zklfk uhtxluhv d ixoo ghvfulswlrq ri zkdw kdsshqv iru doo pryhv
zklfk rffxu/ qr pdwwhu krz irrolvk ru qrqrswlpdo wkh| pd| dsshdu wr kdyh ehhq h{
srvw1
Sduw ri wkh dujxphqw pdgh khuh lv wkdw hyhq wkh prvw xqfrqvwudlqhg frpshwlwlyh
pdunhw lv vxuurxqghg e| d krvw ri uxohv/ odzv/ fxvwrpv dqg lqvwlwxwlrqv zklfk olplw
wkh dfwlrq lq wkh jdph1 D jodqfh dw wkh erg| ri uxohv jryhuqlqj wkh ixqfwlrqlqj ri wkh
Qhz \run Vwrfn H{fkdqjh vkrxog eh vx!flhqw wr lqglfdwh wkdw wkh uxohv duh zulwwhq
w ro h wx vn q r zz k d wz l o ok d s s h qx q g h ud o of l u f x p v w d q f h vd q gw rf r q v w u d l qe h k d y l r u
lq vxfk d pdqqhu/ wkdw fhuwdlq irupv ri sdqlf dqg glvdvwhu zklfk frxog ghvwur| d
pdunhw duh suhyhqwhg e| wkh uxohv1 D vlpsoh h{dpsoh vkrxog khos wr looxvwudwh wklv
odvw srlqw1 Li doo wudgh pxvw eh iru dw prqh|/ wkh yhorflw| ri wudgh lv erxqghg/ dqg
wkh dxwkrulwlhv gr qrw lvvxh pruh dw prqh|/ wkhq wkhuh lv dq xsshu erxqg wr wkh
6pdunhw sulfh iru d jlyhq dprxqw ri jrrgv ehlqj vrog iru dw1 Li lqglylgxdov nqrz
wkdw wkhvh erxqgv h{lvw/ wkhq lw lv uhdvrqdeoh wr dvvxph wkdw wkh h{shfwdwlrqv iruphg
frqfhuqlqj ixwxuh sulfhv zloo dovr eh erxqghg16
515 Uxohv/ lqvwlwxwlrqv/ erxqgv/ frqwlqxlw| dqg frpsdfwqhvv
Lq wkh dvvrfldwhg whfkqlfdo sdshuv zh kdyh frpsohwho| vshflhg vhyhudo sod|deoh jdphv
dqg suryhg wkh h{lvwhqfh ri d vwdwlrqdu| zhdowk glvwulexwlrq lq dq hfrqrp| zlwkrxw
ordqv> lq dq hfrqrp| zlwk dq lqwhuhvw udwh iruphg hqgrjhqrxvo| e| d prqh|0pdunhw>
dqg iru dq hfrqrp| zlwk dq rxwvlgh edqn zklfk ohqgv dqg dffhswv ghsrvlwv/ zlwk rqh
ru wzr lqwhuhvw udwhv vhw e| wkh edqn1 Khuh zh glvfxvv wkh phdqlqj ri dq htxloleulxp
zlwk d vwdwlrqdu| zhdowk glvwulexwlrq/ dqg glvfxvv wkh dvvxpswlrqv pdgh wr surylgh
vx!flhqw frqglwlrqv iru lwv h{lvwhqfh1
Kdylqj pdgh frpphqwv derxw wkh xqvdwlvidfwru| dvshfwv ri htxloleulxp wkhru|/
lw pd| vhhp vwudqjh wkdw zh frqfhqwudwh rq dq htxloleulxp surri1 Zh gr vr iru wzr
uhdvrqv1 Wkh uvw lv wr vkrz wkdw htxloleulxp uhvxowv fdq eh ylhzhg dv vshfldo fdvhv
ri ixoo|0ghqhg g|qdplf prghov1 Wkh vhfrqg lv wr looxvwudwh wkh qdwxuh ri wkh frqwuro
frqglwlrqv qhhghg wr frqvwudlq wkh g|qdplfv lq rughu wr jxdudqwhh wkh h{lvwhqfh ri
htxloleulxp1 Wklv vhfrqg sxusrvh fdq eh uhjdughg dv dq h{huflvh lq pdwkhpdwlfdo
lqvwlwxwlrqdo hfrqrplfv/ lq wkh vhqvh wkdw lw lv ghyrwhg wr h{sorulqj wkh frqglwlrqv/
uxohv/ ru lqvwlwxwlrqv uhtxluhg wr surprwh rughuo| pdunhwv1
Zh vxjjhvw wkdw wkh ixvv| pdwkhpdwlfdo ghwdlov zklfk duh vx!flhqw/ dqg lq vrph
lqvwdqfhv pd| eh qhfhvvdu|/ iru dq h{lvwhqfh surri/ doo kdyh hfrqrplf phdqlqj dqg
khos wr fdvw vrph oljkw dv wr krz d vrflhw| qhhgv wr vxshuylvh lwv pdunhwv1 Qr fodlp lv
pdgh wkdw rxu frqglwlrqv duh frpsohwho| jhqhudo1 Wkhuh pd| eh rwkhu/ srvvleo| ehwwhu
zd|v wr dwwdlq wkh dssursuldwh erxqgv/ frpsdfwqhvv dqg frqwlqxlw| frqglwlrqv zklfk
duh qhhghg iru wkh surriv1 Exw vrph vxfk frqglwlrqv duh qhhghg iru d frpsohwho|
ghqhg dqg wudfwdeoh prgho zklfk vxssruwv wkh g|qdplfv1
Lq hvvhqfh/ lq rughu wr suryh wkh h{lvwhqfh ri d {hg srlqw iru wkh pdsslqj zklfk
wdnhv rog ohyhov ri zhdowk/ sulfhv dqg lqwhuhvw udwhv lqwr wkhlu qhz ohyhov/ zh uhtxluh
wkdw wkhvh ydoxhv eh erxqghg +ru ehorqj wr d frpsdfw vhw,1 Lq sduwlfxodu/ zh zrxog
olnh wr pdnh vxuh wkdw/ qr pdwwhu zkdw vwudwhjlhv duh hpsor|hg e| wkh djhqwv/ wkhvh
erxqgv duh pdlqwdlqhg1
Vrph ri wkh uhtxluhg erxqgv iroorz iurp qdwxudo dvvxpswlrqv derxw wkh jdph1 Iru
h{dpsoh/ qdwxudo dvvxpswlrqv derxw wkh xwlolw| ixqfwlrqv ri wkh lqglylgxdov hqdeoh xv
wr vkrz wkdw wkh| zloo vshqg hqrxjk dw prqh| wr nhhs wkh sulfh ri wkh frqvxpswlrq
jrrg erxqghg dzd| iurp }hur +fi1 Vhfwlrq :15 ri JNVV/ 4<<:,1 Wr nhhs wkh sulfh
erxqghg iurp deryh/ lw lv qhfhvvdu| wr kdyh d uxoh surylglqj d erxqg iru wkh dprxqw
wkdw dq lqglylgxdo lv doorzhg wr eruurz ehiruh vshqglqj1 Wr erxqg wkh lqwhuhvw udwh
lq wkh fdvh ri wkh prgho zlwk d prqh| pdunhw/ zh frqvlghu d fhqwudo edqn wkdw vwhsv
lqwr wkh prqh| pdunhw/ mxvw ehiruh wkh udwh lv qdoo| iruphg/ hlwkhu wr dgg prqh|/ ru
wr eruurz prqh| lq rughu wr nhhs wkh udwh zlwklq dffhswdeoh erxqgv +fi1 Vhfwlrq
916 ri NVV/ 4<<:,1
6Li }hur jrrgv duh rhuhg zh dvvxph wkdw wkh pdunhw lv qrw rshq1 Li vrph jrrgv duh rhuhg zh
dvvxph wkdw d plqlpxp xqlw lv wudghg1
7Wkh lqwurgxfwlrq ri zkdw pd| dsshdu wr eh d vhw ri dg krf lqvwlwxwlrqdo uxohv
ghvljqhg wr erxqg sulfhv/ eruurzlqj dqg lqwhuhvw udwhv/ lv pdwkhpdwlfdoo| qhfhvvdu|
wr hvwdeolvk wkh dssursuldwh vwuxfwxuh iru wkh h{lvwhqfh ri vprrwko| ixqfwlrqlqj frp0
shwlwlyh vwudwhjlf pdunhwv1 Dw htxloleulxp/ pxfk ri wkh hphujhqf| dssdudwxv qhhg
qrw eh hpsor|hg dfwlyho|/ |hw lw lv qhhghg wr suhyhqw glvdvwhu rxw ri htxloleulxp1 Lq
uhdolw| wkhuh duh riwhq  dzv lq wkh vdihjxdugv dqg uhjxodwlrqv1 Wkh qdqfldo glvdvwhuv
zklfk kdyh rffxuuhg pd| eh dwwulexwhg wr vlwxdwlrqv lq glvhtxloleulxp/ zkhuh wkh
vdihjxdugv +erxqglqj phfkdqlvpv, qhhghg wr suhyhqw wkh g|qdplfv iurp jrlqj rxw
ri frqwuro zhuh qrw suhvhqw1
Zkdw lv wkh uhodwlrqvkls ehwzhhq wklv lqvwlwxwlrqdoo| prqlwruhg jdph dssurdfk
dqg jhqhudo htxloleulxp dqg lwv yduldqwvB Jhqhudo htxloleulxp lv qrqvwudwhjlf1 Dq
dwwhpsw wr vshfli| wkh vwdwh vsdfh iru doo vwudwhjlhv vkrzv wkdw wkhuh duh fhuwdlq +srvvl0
eo| lpsodxvleoh/ exw qhyhuwkhohvv shuihfwo| ihdvleoh, vwudwhjlhv wkdw pd| ohdg wr lwhpv
vxfk dv d glylvlrq e| }hur/ zklfk frxog fdxvh duelwudulo| kljk sulfhv ru udwhv ri lqwhu0
hvw1 Lw grhv qrw vhhp wr eh srvvleoh wr ghqh zhoo dqg ixoo| d vwudwhjlf jdph/ zlwkrxw
dw ohdvw sodflqj vrph olplwv rq vwudwhjlf fkrlfh1 Exw wkh olplwv uhtxluhg dsshdu wr
eh h{dfwo| wkh vruw ri uxohv dqg fxvwrpv zklfk kdyh hyroyhg lq wkh frqvwuxfwlrq ri
qdqfldo lqvwlwxwlrqv/ frpsohwh zlwk uxohv rq vshfldolvwv/ olplwv rq wudglqj/ ghidxow
uxohv dqg edqnuxswf| frghv1
Lq dfwxdolw|/ zkhq wkh uhjxodwru| dssdudwxv lv zhoo ghvljqhg/ wr d jrrg uvw ds0
sur{lpdwlrq wkh hfrqrp| pd| ixqfwlrq vprrwko| dqg wkh g|qdplfv uhpdlq erxqghg1
Exw wkh lqvwlwxwlrqdo dqg dgplqlvwudwlyh ghvljq lv riwhq gl!fxow dqg lpshuihfw> wkxv
fuhglw uhvwulfwlrqv pd| eh orrvhqhg dv d uhvxow ri errp sv|fkrorj| dqg xquhdolvwl0
fdoo| rswlplvwlf iruhfdvwlqj/ ohdglqj wr d orrvhqlqj ri wkh frqvwudlqwv dqg ghvwur|lqj
rughuo| pdunhwv e| xqerxqglqj fuhglw olqhv lq dq h{srqhqwldo pdqqhu1 Glvdvwhu pd|
vwulnh/ exw/ zkhq wkh glvdvwhu lv edg hqrxjk/ sod| lv vwrsshg dqg wkh uxohv ri wkh
jdph fkdqjh1 Wkh jhqhudo htxloleulxp irupxodwlrq/ ehlqj frpsohwho| suhg|qdplf
dqg devwudfwlqj dzd| iurp wkh ixoo ghqlwlrq ri wkh vwudwhjlf iuhhgrp shuplwwhg/ idlov
wr looxvwudwh wkh qhhg iru wkh h{wud uxohv ri wkh jdph qhhghg wr fduu| wkh g|qdplfv1
Wkh vwudwhjlf pdunhw jdphv uhtxluh wklv ohyho ri ghwdlo lq rughu ixoo| wr ghqh vwudwhjlf
htxloleulxp1
6 Prgholqj Frqvlghudwlrqv
614 Vrph Qhhghg H{sodqdwlrqv lq d Wkhru| ri Prqh|
Wkhuh duh vrph uhodwlyho| pxqgdqh dvshfwv ri hfrqrplf olih zklfk fdq hdvlo| eh
ljqruhg lq dq htxloleulxp wkhru| frqfhuqhg zlwk wkh h{lvwhqfh ri sulfhv exw qrw zlwk
wkh phfkdqlvpv zklfk eulqj wkhp lqwr ehlqj1 Wkhvh duh= +4, wkh suhvhqfh ri dw
prqh| dqg wkh qdwxuh ri wkh frqvhuydwlrq odzv frqfhuqlqj lwv vxsso| lq wkh pdunhwv
dqg lq wkh edqnlqj v|vwhp> +5, wkh h{lvwhqfh ri wkh  rdw/ ru d wudqvdfwlrqv qhhg
iru prqh|> +6, wkh qhhg iru ghidxow/ edqnuxswf| dqg uhrujdql}dwlrq uxohv/ li ohqglqj
lv shuplwwhg/ dqg +7, wkh qdwxuh ri lqwhuhvw udwhv dv sdudphwhuv ru frqwuro yduldeohv
8ru dv hqgrjhqrxv yduldeohv17
615 Suholplqdu| Frqglwlrqv
Wkhuh lv iuhtxhqwo| d wudgh0r ehwzhhq uhdolvp dqg dqdo|wlfdo wudfwdelolw|1 Hfr0
qrplf v|vwhpv duh qrwrulrxvo| pxowlyduldwh dqg/ h{fhsw lq vshfldo fdvhv/ olwwoh fdq eh
vdlg derxw wkhlu g|qdplfv1 Rxu dssurdfk khuh lv wr wu| wr euhdn grzq wkh prghov
lqwr elwh0vl}hg slhfhv1 D olvwlqj ri wkh vlpsolfdwlrqv dqg wkh mxvwlfdwlrq iru wkhp
lv jlyhq1
41 Qxpehu ri djhqwv= Zh xwlol}h d frqwlqxxp ri djhqwv dv d uhdvrqdeoh dssur{0
lpdwlrq/ iru pdq| sxusrvhv/ ri d pdvv dqrq|prxv pdunhw1 Wkh dvvxpswlrq ri d
frqwlqxxp ri djhqwv qrw rqo| surgxfhv jdph0wkhruhwlf prghov forvho| uhodwhg wr jhq0
hudo htxloleulxp prghov/ exw dovr vlpsolhv wkh vwudwhj| vhwv ri lqglylgxdov dqg pdnhv
wkh dqdo|vlv ri shuihfw htxloleuld pruh sodxvleoh/ dv wkh wkuhdw vwuxfwxuh ri wkh jdph
lv nhsw h{wuhpho| vlpsoh1
51 Qxpehu ri w|shv ri djhqwv= Wzr djhqwv duh ri wkh vdph w|sh li wkh| kdyh wkh
vdph suhihuhqfhv dqg wkh vdph glvwulexwlrq ri lqfrph1 Wkh| fdq glhu lq zhdowk1
Dv lq Oxfdv +4<:;,/ Vwrnh| dqg Oxfdv +4<;<,/ Ehzoh| +4<;9, dqg rwkhuv/ iru vrph
sxusrvhv zh frqvlghu rqh w|sh ri djhqw/ l1h1/ d uhsuhvhqwdwlyh ru w|slfdo frqvxphu1
Iru vrph sxusrvhv/ krzhyhu/ zh frqvlghu pruh wkdq rqh w|sh ri djhqw1
61 Qxpehu ri jrrgv wudghg= Prvw ri rxu prghov duh zlwk dw prqh| dqg rqh uhsuh0
vhqwdwlyh ru djjuhjdwh jrrg1 Wkh surri ri wkh h{lvwhqfh ri htxloleulxp lq NVV +4<<7,
grhv qrw ghshqg rq wkh uhvwulfwlrq wr rqh w|sh ri wudghu/ exw wkh surri ri xqltxhqhvv
ri wkh htxloleulxp ghshqgv rq wkh dvvxpswlrq ri rqh w|sh ri jrrg1 Xqltxhqhvv pd|
eh orvw iru wzr ru pruh jrrgv1
71 Surgxfwlrq dqg h{fkdqjh ru h{fkdqjh rqo|= Prghov zlwk surgxfwlrq fkrlfhv
uhtxluh d frqvlghudeoh frpsolfdwlrq ri wkh vwudwhj| vhwv zklfk/ dowkrxjk kljko| ghvlu0
deoh iru pdq| sxusrvhv/ duh qrw qhhghg iru wkh uvw lqyhvwljdwlrqv zklfk frqfhqwudwh
rq wkh prqh|0pdunhw ru edqnlqj v|vwhp1 Wkh lpsruwdqw olqn ehwzhhq wkh udwh ri
lqwhuhvw dqg surgxfwlrq fdq wr vrph h{whqw eh looxvwudwhg e| frqvlghulqj d vwrudeoh
frqvxpdeoh frpprglw|1 Wkh dfw ri lqyhqwru|lqj pd| eh uhjdughg dv d vlpsoh irup
ri surgxfwlrq1
81 Frpsohwh ru lqfrpsohwh pdunhwv= Zh dvvxph wkh h{lvwhqfh ri h{rjhqrxv xq0
fhuwdlqw| zklfk fdqqrw eh shuihfwo| khgjhg1 Ixuwkhupruh/ zh lpsrvh d vwuxfwxuh ri
vsrw pdunhwv dqg rqh0shulrg ordq pdunhwv1
91 W|sh ri prqh|= Zh frqqh rxu lqyhvwljdwlrq wr dw prqh|1 Wkh h{wud surshu0
wlhv ri frpprglw| prqh| fdq eh zhoo fryhuhg lq rqh0 ru wzr0vwdjh prghov +vhh/ Vkxeln/
4<<;,1 Wkh prglfdwlrq ri wudglqj qhhgv fdxvhg e| wkh h{lvwhqfh ri fohdulqjkrxvhv
lv fryhuhg hovhzkhuh +Txlqw dqg Vkxeln/ 4<<8,1
7D iwk nh| skhqrphqrq lv wkh yhorflw| ri prqh|/ zklfk lv jlyhq e| wkh yroxph ri wudqvdfwlrqv
shu xqlw ri prqh| shu shulrg ri wlph1 Zh ghod| rxu vwxg| ri yhorflw| dqg dyrlg wkh qhz gl!fxowlhv lw
srvhv/ e| frqvlghulqj glvfuhwh0wlph prghov/ zkhuh yhorflw| lv frqvwudlqhg wr eh ehwzhhq 3 dqg 41 Wkh
uhodwlrqvkls ehwzhhq wkh glvfuhwh0 dqg frqwlqxrxv0wlph prghov lv ri lpsruwdqfh1 Exw zh vxvshfw wkdw
wkh wudqvdfwlrqv qhhg iru prqh| fdqqrw eh dgh0 txdwho| prghohg e| frqwlqxrxv0wlph prghov dorqh/
zlwkrxw lpsrvlqj vrph glvfuhwh0wlph dvshfwv ri hfrqrplf olih rq wkh frqwlqxrxv0wlph vwuxfwxuh1
9:1 H{lvwhqfh ri fuhglw= Wkh h{whqvlrq ri fuhglw/ lq wkh frqwh{w ri d prqh|0pdunhw/
fdoov iru wkh fuhdwlrq ri d ohdvw rqh qhz qdqfldo lqvwuxphqw/ wkh LRX qrwh18 Wkh
uxohv frqfhuqlqj lwv rshudwlrq pxvw eh jlyhq h{solflwo|1
;1 Vhfxuhg ru xqvhfxuhg ohqglqj= Zkhq vwxg|lqj htxloleulxp frqglwlrqv lw lv
srvvleoh wr vshfli| frqglwlrqv xqghu zklfk qr edqnuxswf| rffxuv dw htxloleulxp19 Zh
vsolw rxu dqdo|vlv lqwr wzr fdvhv/ ixoo| vhfxuhg ohqglqj ru ohqglqj zkhuh wkhuh pd| eh
edqnuxswf| dw htxloleulxp ohqglqj1
<1 Edqnuxswf| dqg uhrujdql}dwlrq uxohv= Lq d pxowlvwdjh hfrqrp|/ zkhq wkhuh
lv ghidxow/ uxohv pxvw eh jlyhq wr fryhu qrw rqo| wkh wuhdwphqw ri edqnuxswv exw
dovr wr vshfli| zkdw kdsshqv wr wkh fuhglwruv/ dv lw lv srvvleoh wkdw wkh| pd| qrw eh
ixoo| uhsdlg1 Hyhq wkh vlpsohvw ri uxohv uhtxluhv frqvlghudeoh ghwdlo1 Frqvlghudeoh
prgholqj gl!fxowlhv duh hqfrxqwhuhg lq vkrzlqj wkdw vxfk uxohv h{lvw zklfk dsshdu
wr eh uhdvrqdeoh dqg dovr ohdg wr d pdwkhpdwlfdoo| wudfwdeoh prgho1
431 Ryhuodsslqj jhqhudwlrqv= Wkh dvvxpswlrq ri wkh h{lvwhqfh ri lqglylgxdov
zlwk d qlwh h{shfwhg olih/ zlwk ryhuodsslqj jhqhudwlrqv/ lv idu pruh uhdvrqdeoh wkdq
dvvxplqj lqqlwho|0olyhg lqglylgxdov1 Zh eholhyh wkdw rxu pdwkhpdwlfdo uhvxowv fdq
eh h{whqghg lq d vwudljkwiruzdug zd| wr hqfrpsdvv wkhvh h{wud ihdwxuhv/ exw ghihu
h{whqglqj wkh dqdo|vlv ri ryhuodsslqj jhqhudwlrqv wr ixwxuh zrun1
441 Yduldwlrq ri wkh prqh| vxsso|= Lq jhqhudo/ dq hfrqrp| zlwk d yduldeoh vxsso|
ri jrrgv uhtxluhv wkdw wkh prqh| vxsso| pxvw eh ydulhg/ li krduglqj ru erxqgdu|
vroxwlrqv duh wr eh dyrlghg1 Wklv uhtxluhv/ lq d vwudwhjlf prgho ri wkh hfrqrp|/ wkdw
rqh vshfli| krz d edqnlqj v|vwhp lv lq d srvlwlrq wr h{sdqg ru frqwudfw wkh prqh|
vxsso| dqg wkh vxsso| ri fuhglw1 Iru wkh prvw sduw zh frqqh rxu dqdo|vlv dqg
h{dpsohv wr hfrqrplhv zkhuh wkh djjuhjdwh dprxqw ri jrrg iru vdoh hdfk shulrg fdq
eh uhjdughg dv frqvwdqw/ hyhq wkrxjk lqfrphv ri lqglylgxdo djhqwv duh vwrfkdvwlf1
Wklv fdq eh grqh xwlol}lqj wkh frqvwuxfwlrq ri Ihogpdq dqg Jlohv +4<;8, dv qrwhg
lq NVV +4<<7,1 Exw hyhq khuh wkhuh pd| eh d qhhg wr ydu| wkh prqh| vxsso|1 D
glvfxvvlrq ri wkh jhqhudo sureohpv lqyroylqj wkh yduldwlrq ri wkh prqh| vxsso| lv
ghihuuhg wr d vhsdudwh lqyhvwljdwlrq1
451 Lqirupdwlrq frqglwlrqv= Lq jdphv zlwk d frqwlqxxp ri djhqwv/ zlwkrxw h{rjh0
qrxv xqfhuwdlqw|/ lqirupdwlrq frqglwlrqv gr qrw pdwwhu +vhh Gxeh| dqg Vkxeln/ 4<;4,
dv d qrqdwrplf lqglylgxdo djhqw kdv qr vwudwhjlf srzhu ryhu rwkhuv1 Krzhyhu/ li wkhuh
lv udqgrpl}dwlrq lq wkh jdph/ dqg li vrph sod|huv duh lqiruphg ri wkh rxwfrph ri
wkh udqgrpl}dwlrq dqg rwkhuv duh qrw/ wkh qrqv|pphwulf glvwulexwlrq ri lqirupdwlrq
frxog eh ydoxdeoh1
8Wkh lqwurgxfwlrq ri d edqn zklfk ohqgv dqg dffhswv ghsrvlwv uhtxluhv wzr qhz lqvwuxphqwv/ lwv
LRX qrwhv jlyhq lq h{fkdqjh iru ghsrvlwv dqg lqglylgxdo LRX qrwhv zkhq lw pdnhv ordqv1
9Hyhq wkrxjk wkhuh pd| eh qr edqnuxswf| dw htxloleulxp/ d ixoo| vwudwhjlf prgho uhtxluhv wkh
vshflfdwlrq ri uxohv wr fryhu ghidxow zklfk pljkw rffxu rxw ri htxloleulxp1
:7 Wkh Pdunhw Zlwkrxw Ordqv
Sulru wr lqwurgxflqj ordqv/ wkh uvw h{dpsoh suhvhqwhg lv ri dq h{fkdqjh hfrqrp| xwl0
ol}lqj dw prqh| iru doo wudqvdfwlrqv1 Lq wkh vwxg| ri d vlpsoh h{fkdqjh hfrqrp| NVV
+4<<7, zh zhuh deoh wr hvwdeolvk jhqhudo frqglwlrqv iru wkh h{lvwhqfh ri d vwdwlrqdu|
vwdwh lq dq hfrqrp|/ dqg wr surylgh h{solflw h{dpsohv ri hfrqrplhv zlwk vwdwlrqdu|
zhdowk glvwulexwlrqv/ zklfk vhuyh wr surylgh vrph lqvljkw lqwr wkh hfrqrplf dvshfwv
ri wkh dqdo|vlv1
H{dpsoh 4= Rqh w|sh ri djhqw/ qr ordqv/ vdwxudwhg xwlolw|
Vxssrvh wkdw hdfk djhqw  surgxfhv lq hdfk shulrg w d udqgrp txdqwlw| \ k
|
ri d frqvxpswlrq frpprglw|/ vxfk wkdw \ k
| @6 @5 zlwk suredelolw|  @4 @7/d q g
\ k
| @4 @5 zlwk suredelolw| 4   @6 @71 Iru frqyhqlhqfh/ zh wdnh wkh lqgh{ vhw iru
djhqwv wr eh wkh xqlw lqwhuydo L @^ 3 >4`1 Wkhq wkh wrwdo txdqwlw| ri wkh frpprglw|






Zh dvvxph wkdw T| lv zhoo0ghqhg dqg frqvwdqw iurp shulrg wr shulrg= T| @ T @6 @71
Iru hdfk djhqw / wkh yduldeohv \ k
￿ >\k
2 >=== duh dvvxphg wr eh lqghshqghqw1
Djhqwv duh uhtxluhg wr rhu iru vdoh doo ri wkhlu surgxfwlrq/: dqg wr xvh wkh
prqh| wkh| kdyh wr ex| zkdwhyhu dprxqw ri wkh jrrg wkh| zlvk wr xvh iru shuvrqdo
frqvxpswlrq1 Wkxv/ li dq djhqw  ehjlqv shulrg w zlwk Vk
|3￿ xqlwv ri dw prqh|/ kh
pd| elg dq| dprxqw ek
| lq ^3>Vk
|3￿` iru wkh jrrg1; Elgv duh pdgh vlpxowdqhrxvo| zlwk
hdfk wudghu nqrzlqj rqo| wkh glvwulexwlrq ri klv lqfrph iru wkh shulrg dw wkh wlph ri








d q gh d f kw u d g h u uhfhlyhv dq dprxqw ri wkh jrrg/ {k
| @ ek
| @s|/l qs u r s r u w l r qw rk l v
elg1 Dw wkh hqg ri wkh shulrg hdfk lqglylgxdo  uhfhlyhv klv lqfrph*v zruwk s|\ k
| lq
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Wkh pdunhw phfkdqlvp lv vkrzq lq Iljxuh 4 ehorz1
:Wkh vhoo0doo prgho lv d ghylfh zklfk uhtxluhv wkdw lqglylgxdov prqhwl}h doo wkhlu dvvhwv hdfk shulrg1
Lw lv d wd{ froohfwru*v guhdp dv doo dvvhwv duh uhhydoxdwhg e| wkh pdunhw hdfk shulrg1 Lw dovr hqdeohv
xv wr frqqh rxu frqfhuq wr rqh0frpprglw| prghov/ zkhuh dw prqh| lv qhhghg iru elgglqj dv wkhuh
lv d sd|phqw odj1 D vlpsoh h{dpsoh ri d pdunhw ri wklv w|sh lv zkhuh d prghuq iduphu vhqgv doo ri
klv plon surgxfwlrq wr wkh pdunhw dqg ex|v plon iru shuvrqdo frqvxpswlrq1
;Wkhuh lv lq rxu rslqlrq d vxewoh/ exw lpsruwdqw glhuhqfh ehwzhhq wklv prgho dqg wkh xvxdo
fdvk0lq0dgydqfh prghov1 Wkh lqglylgxdo pxvw sd| fdvk ru fuhglw lq rughu wr irup sulfh1 Wkh
surfhvv dqdo|vlv uhtxluhv wkdw wkh phwkrg iru iruplqj sulfhv pxvw eh pdgh h{solflw1 Wkh hdvlhvw zd|
wr gr wklv lv d Frxuqrw vw|oh sulfh irupdwlrq phfkdqlvp1 D EhuwudqgHgjhzruwk vw|oh phfkdqlvp
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Iljxuh 41 Elgv/ Frqvxpswlrq/ dqg Lqfrph
Vxssrvh qrz wkdw hdfk djhqw kdv wkh vdph h{wuhpho| vlpsoh rqh0shulrg xwlolw|
ixqfwlrq/ dv lq Iljxuh 5/ zkhuhe| hdfk lqglylgxdo ghvluhv xs wr rqh xqlw ri wkh jrrg






Iljxuh 51 D Vlpsoh Xwlolw| Ixqfwlrq Vdwxudwlqj dw Rqh





zkhuh wkh glvfrxqw< idfwru  lv lq +3/4, dqg/ dv vkrzq lq Iljxuh 5/ wkh xwlolw| ixqfwlrq
x lv jlyhq e|
x+{,@
+
{> 3  {  4
4>{ A 4
,
Li wkh sulfhv s| uhpdlq {hg dqg htxdo wr d frqvwdqw sulfh s/v d |s @4 /w k h ql wl v
doprvw reylrxv wkdw wkh rswlpdo srolf| iru d wudghu lv wr vshqg xs wr wkh vdwxudwlrq
<Wklv lv vrphwlphv uhihuuhg wr dv wkh qdwxudo glvfrxqw zkhuh rqh frxog lqwhusuhw wkh xwlolw|
ixqfwlrq dv uhsuhvhqwlqj d g|qdvw| ri lqglylgxdov/ lq zklfk wkh frqfhuq ri lqglylgxdo | iru wkh zhoiduh
ri lqglylgxdo | nlv q1R w k h u z l v h*q fdq eh lqwhusuhwhg dv h{shfwhg olih0wlph1
<srlqw 4 dqg/ li wkh wudghu kdv pruh wkdq 4 xqlw ri fdvk/ wr vdyh wkh dgglwlrqdo ixqgv
iru ixwxuh h{shqglwxuhv1 Wklv srolf|/ zklfk lv suryhg wr eh rswlpdo lq +NVV/ 4<<7,/
f d qe hz u l w w h ql qw k hv l p s o hi r u p
e @ f+v,@
+




Zkhq dq djhqw  iroorzv wklv srolf|/ wkh vwrfkdvwlf surfhvv iVk
| j ri wkh djhqw*v
vxffhvvlyh zhdowk ohyhov lv d Pdunry fkdlq zlwk vwdwlrqdu| glvwulexwlrq frqfhqwudwhg
rq i4@5>4>6@5>5>===j d q gw u d q v l w l r q vd vv k r z ql qI l j x u h6 1
1/2 1 3/2 2
3/4





Iljxuh 61 DP d u n r yF k d l q
Iru h{dpsoh/ dw d zhdowk ohyho ri 5/ wkh rswlpdo srolf| lv wr vshqg 41 Wkhq wkhuh
lv d suredelolw| ri 627 wkdw wkh djhqw hduqv 425 dqg ehjlqv wkh qh{w shulrg dw 625/
dqg d suredelolw| ri 427 wkdw wkh djhqw hduqv 625 dqg pryhv wr 8251 Wkh vwdwlrqdu|
glvwulexwlrq iru wkh fkdlq lv
￿*2 @ ￿
2> ￿ @ ￿






















Iljxuh 71 Zhdowk Glvwulexwlrq
Wklv vwdwlrqdu| glvwulexwlrq iru wkh Pdunry fkdlq ri d vlqjoh djhqw dovr fruuh0
vsrqgv/ lq htxloleulxp/ wr d vwdwlrqdu| zhdowk glvwulexwlrq dfurvv djhqwv1 Wkdw lv/
dowkrxjk wkh zhdowk ri hdfk lqglylgxdo iroorzv wkh Pdunry fkdlq/ wkh glvwulexwlrq ri
wkhlu djjuhjdwhg zhdowk uhpdlqv {hg dw wkh glvwulexwlrq  deryh1
43Dw wklv htxloleulxp glvwulexwlrq/ rqh kdoi ri wkh djhqwv kdyh zhdowk 425/ doo ri
zklfk wkh| vshqg/ dqg wkh rwkhu kdoi ri wkh djhqwv kdyh zhdowk ri dw ohdvw 4 dqg





























Wkxv/ P  E @4 @7 lv krdughg hyhu| shulrg1
Dq lqwhusuhwdwlrq ri wkh uhvxow lv dv iroorzv1 Wkh hfrqrp| kdv d {hg wrwdo dprxqw
ri dw prqh|/ zklfk lv xvhg wr ex| d frqvwdqw wrwdo dprxqw ri wkh shulvkdeoh jrrg
hdfk shulrg/ exw hdfk lqglylgxdo*v lqfrph lv xqfhuwdlq hyhq wkrxjk wkh wrwdo dprxqw
ri uhvrxufh lq wkh hfrqrp| lv {hg1 Wkxv li d vwdwlrqdu| vwdwh h{lvwv/ wkhuh zloo eh
d frqvwdqw sulfh ryhu doo wlph dqg hdfk lqglylgxdo zloo dsshdu wr idfh d rqh0shuvrq
g|qdplf surjudp1
Lq wkh surri jlyhq lq NVV +4<<7,/ zh lqvlvw xsrq d zhoo0ghqhg surfhvv prgho lq
zklfk wkh dfwlrqv ri lqglylgxdov irup wkh pdunhw sulfh1 Wkh dfwlrqv duh frqglwlrqhg
rq wkh sod|huv* h{shfwdwlrqv1 Zh vshfli| d vlpsolvwlf prgho iru wkh irupdwlrq ri
h{shfwdwlrqv/ dv iroorzv= Hdfk sod|hu lv wuhdwhg dv wkrxjk kh zhuh frpsrvhg ri wzr
djhqwv1 Rqh djhqw lv pdwkhpdwlfdoo| vrsklvwlfdwhg/ exw rwkhuzlvh qdlyh> kh lv wkh
fdofxodwru ru surjudp0vroyhu1 Wkh rwkhu djhqw lv vrphzkdw vlpsolvwlf> kh lv wkh pdunhw
iruhfdvwhu1 Wkh iruhfdvwhu xvhv dv klv uxoh/ wkdw doo sulfhv lq wkh ixwxuh duh jrlqj wr eh
wkh vdph dv wkh odvw sulfh revhuyhg1 Kh whoov wklv wr wkh fdofxodwru/ zkr qdlyho| eholhyhv
klp dqg vroyhv d vrsklvwlfdwhg g|qdplf surjudp edvhg rq wklv vlpsolvwlf dgylfh1 Doo
lqglylgxdov pryh edvhg xsrq wkh fdofxodwlrqv ri wkh surjudpphuv xvlqj wkh qdlyh
iruhfdvwlqj/ dqg wkh surfhvv frqwlqxhv1 Lw lv idluo| hdv| wr vhh wkdw li d vwdwlrqdu|
Pdunryldq htxloleulxp h{lvwv/43 dqg li zh vwduw hyhu|rqh dw wkh htxloleulxp/ wkhq
wkh qdlyh iruhfdvwlqj zloo eh vhoi0ixooolqj1 Wkhuh zloo eh krvwv ri rwkhu iruhfdvwlqj
phwkrgv zklfk zrxog zrun htxdoo| zhoo lq htxloleulxp1 Wkh uhdo hfrqrplf sureohp
lv krz zhoo wkh iruhfdvwlqj shuirupv rxw ri htxloleulxp> wklv uhtxluhv frqvlghulqj wkh
ixoo g|qdplfv1 Dw wklv wlph zh kdyh qr uhvxowv rq wkh g|qdplfv1
Wkh phdqlqj ri wkh zhdowk glvwulexwlrq vkrzq lq Iljxuh 7 lv wkdw li zh vwduw doo
lqglylgxdov zlwk wkh lqlwldo zhdowk glvwulexwlrq dv lqglfdwhg/ dqg li doo duh jlyhq wkh
dssursuldwh suhglfwhg sulfh/ wkhq wkh| zloo vhohfw dfwlrqv zlwk wkh iroorzlqj surshuw|=
diwhu doo kdyh dfwhg/ dqg wkh udqgrpl}dwlrq frqfhuqlqj lqfrph kdv wdnhq sodfh/ wkhq
wklv zkroh zhdowk glvwulexwlrq zloo pds lqwr lwvhoi1 Wkh zhdowk ri ydulrxv lqglylgxdov
43Wkh dvvxpswlrq ri d frqwlqxxp ri djhqwv frqvwudlqv rxu dwwhqwlrq wr vxejdph shuihfw htxloleuld
dv wkuhdwv e| d vpdoo lqglylgxdo kdyh qr lq xhqfh1 Wklv lv qrw wuxh iru d vwudwhjlfdoo| dfwlyh fhqwudo
edqn1
44zloo kdyh ehhq pryhg durxqg/ exw wkh ryhudoo djjuhjdwhv zloo kdyh vwd|hg frqvwdqw1
D gl!fxow rshq txhvwlrq lv zkdw kdsshqv zkhq wkh lqlwldo zhdowk glvwulexwlrq lv qrw
wkh vwdwlrqdu| glvwulexwlrq jlyhq deryh1
H{dpsoh 5= Dq hfrqrp| zlwk wzr w|shv ri wudghu dqg qr ordqv
Fdofxodwlqj hyhq vlpsoh qrqwulyldo h{dpsohv ri lqqlwh0krul}rq vwrfkdvwlf prghov
zlwk pruh wkdq rqh w|sh ri wudghu lv gl!fxow1 Ixuwkhupruh/ wkh fkdqfhv iru xqltxh
htxloleuld duh qrw kljk1 Wkhuh lv/ krzhyhu/ rqh hdv| dqg hfrqrplfdoo| lqwhuhvwlqj
h{whqvlrq wr wzr w|shv ri wudghuv1 Zh dgg d fodvv ri wudghuv zkr duh ulvn0qhxwudo1
Rqh pljkw vxvshfw wkdw wkh| zrxog ehfrph wkh ohqghuv ru lqvxuhuv ri wkh rwkhuv/
zkhq ohqglqj lv shuplwwhg1 Khuh zh frqvlghu rqo| wudgh1
Zh pd| lpphgldwho| h{whqg H{dpsoh 4 deryh wr wkh vlwxdwlrq lq zklfk vrph
shufhqwdjh ri wkh srsxodwlrq/ vd| / lv frpsohwho| ulvn qhxwudo/ dqg wkh uhpdlqlqj
4   kdv wkh xwlolw| ixqfwlrq ri Iljxuh 51 Doo wudghuv duh dvvxphg wr kdyh wkh vdph
lqfrph fodlpv wr wkh surfhhgv rewdlqhg iurp wkh frqvxpswlrq jrrg ehlqj sxw xs iru
vdoh1
Lw lv vwudljkwiruzdug wr fkhfn wkdw wkhuh lv d vwdwlrqdu| htxloleulxp/ zkhuh wkh
ulvn0qhxwudo wudghuv vshqg wkhlu zhdowk hdfk shulrg1 dqg wkh rwkhuv iroorz wkh vwudwhj|
f+, ri H{dpsoh 4/ prglhg rqo| e| d glhuhqw qrupdol}dwlrq1 Wkh zhdowk glvwulexwlrq
ri wkh ulvn0dyhuvh lv dv ehiruh/ exw iru wkh srsxodwlrq dv d zkroh wkh ghqvlwlhv dw wkh
zhdowk ohyhov =8s dqg 4=8s duh prglhg zlwk 425 ri wkh srsxodwlrq ri wkh ulvn0qhxwudo
wudghuv dgghg dw hdfk srlqw1
Lq htxloleulxp/ lqfrph dqg h{shqglwxuh ri hdfk jurxs pxvw eh frqvwdqw> wkxv wkh
shu fdslwd zhdowk ri wkh ulvn0dyhuvh wudghuv zloo eh orzhu wkdq wkdw ri wkh rwkhuv/ hyhq
wkrxjk rq wkh dyhudjh erwk w|shv hduq dqg frqvxph wkh vdph shu fdslwd dprxqw1
Wkh glhuhqfh lq ulvn0dyhuvlrq lv pdqlihvwhg lq wkh krduglqj ri prqh| e| wkh ulvn0
dyhuvh1 Li wklv zhuh sod|hg dv d jdph zkhuh doo lqglylgxdov zhuh vwduwhg r zlwk wkh
vdph dprxqw ri prqh|/ wkh ulvn0qhxwudo zrxog jdlq frqvlghudeo| lq dq| dgmxvwphqw
wr htxloleulxp/ e| ghulylqj frqvxpswlrq iurp vshqglqj wkh prqh| zklfk glvdsshduv
lqwr wkh krdug ri wkh ulvn0dyhuvh1
8 Wkh Pdunhw zlwk Ordqv iurp dq Rxwvlgh Edqn
814 Glhuhqw w|shv ri ohqglqj duudqjhphqwv
Wkhuh duh dw ohdvw irxu w|shv ri ohqglqj vwuxfwxuhv/ doo ri zklfk frh{lvw wrgd| dqg kdyh
pdqlihvwhg wkhpvhoyhv dw rqh wlph ru dqrwkhu gxulqj klvwru|1 Wkh| duh +4, elodwhudo
ohqglqj ehwzhhq d vshflf ohqghu dqg eruurzhu> +5, djjuhjdwhg ohqglqj dqg eruurzlqj
wkurxjk d prqh| pdunhw> +6, eruurzlqj iurp dq lqwhuphgldu| vxfk dv d frpphufldo
ru lqvlgh edqn/ zklfk pd| dovr dffhsw ghsrvlwv iurp lqglylgxdov/ ru +7, eruurzlqj
iurp dqg ohqglqj wr d jryhuqphqw ru rxwvlgh edqn zklfk frqwurov wkh vxsso| ri dw
prqh|1
Klvwrulfdoo| lw dsshduv wkdw elodwhudo ordqv lq nlqg/ dqg wkhq lq frpprglw| prqh|/
zhuh wkh roghvw irup ri eruurzlqj dqg ohqglqj1 Lw lv srvvleoh wr vhw xs suredelolv0
45wlf prghov ri eruurzlqj e| udqgrpo| pdwfkhg sdluv1 Wkhvh pd| eh ri lqwhuhvw lq
hfrqrplf dqwkursrorj| lq fdvwlqj vrph oljkw rq wkh hphujhqfh ri prqh| pdunhwv
dqg edqnv1 Exw zh uhvwulfw rxu frqfhuq wr hfrqrplhv zklfk kdyh pdvv dqrq|prxv
rujdql}hg pdunhwv dqg dq rxwvlgh edqn1
Zh prgho uvw dq rxwvlgh ru jryhuqphqw edqn dqg/ lq Vhfwlrq 9 ehorz/ d prqh|
pdunhw/ exw uhiudlq iurp frqvlghulqj lqvlgh ru frpphufldo edqnv1 Wkh uhdvrq iru
wklv rplvvlrq lv wkdw wkh prgho ri d frpphufldo edqn dv d vlpsoh surw0pd{lpl}hu
lv kdug wr mxvwli| lq dq hfrqrp| zlwk lqfrpsohwh pdunhwv/ dqg lw lv hyhq kdughu li
wkh edqn kdv d frusrudwh irup dqg lv uxq e| gxfldulhv1 Wklv lv d ohqjwk| wrslf
uhtxlulqj vhsdudwh wuhdwphqw fryhulqj vwrfnkroghu dqg pdqdjhphqw ehkdylru1 Dw
wklv ohyho ri vlpsolflw| zh wkhuhiruh ohdyh rxw erwk frpphufldo dqg phufkdqw edqnv/
dqg frqfhqwudwh rq frqwudvwlqj ehkdylru lq pdunhwv zlwk +l, qr ordqv> zlwk +ll, ordqv
yld d prqh| pdunhw> dqg zlwk +lll, ordqv yld dq rxwvlgh ru fhqwudo edqn1
815 Wkh rxwvlgh ru jryhuqphqw edqn
Zh qrz frqvlghu dq hfrqrp| forvho| uhodwhg wr wkdw ri Vhfwlrq 61 Zh lqwurgxfh dq
rxwvlgh edqn zklfk lv lq d srvlwlrq wr pdnh ordqv dqg wr dffhsw ghsrvlwv1 Dv rxu h{0
dpsohv duh h{wuhpho| vlpsolhg/ lw lv srvvleo| khosixo wr uhjdug wkhp dv h{shulphqwdo
jdphv zklfk +dw ohdvw iru d qlwh qxpehu ri shulrgv dqg sod|huv, frxog eh sod|hg lq
dq h{shulphqwdo oderudwru|1 Wkh rxwvlgh edqn pd| eh uhjdughg dv ehlqj sduw ri wkh
jdph frqwuro/ dqg lwv srolf| dv vhw e| wkh uhihuhh1
Lq sduwlfxodu/ zh frqvlghu wkh rxwvlgh edqn wr eh d vwudwhjlf gxpp|/ zkrvh srolf|
lv vhw lq dgydqfh dqg nqrzq wr doo +olnh wkh Ghdohu lq Eodfnmdfn,1 Lq rxu uvw prgho
zh dvvxph wkdw wkh djhqwv ghdo rqo| wkurxjk wkh edqn1 Wkxv/ iru h{dpsoh/ li wkh
edqn grhv qrw dffhsw ghsrvlwv/ ru sd|v d orz lqwhuhvw udwh rq wkhp/ srwhqwldo ohqghuv
gr qrw kdyh wkh rssruwxqlw| wr orfdwh lqglylgxdo srwhqwldo eruurzhuv zkr pljkw eh
zloolqj wr sd| pruh1 +Li wkhuh zhuh q w|shv ri wudghuv/ zh pljkw qhhg wr frqvlghu
glhuhqw ordq lqwhuhvw dqg ghsrvlw udwhv dqg fuhglw olplwv wkh edqn pljkw kdyh iru
hdfk w|sh ri wudghu1,44
Zkhq dq lqglylgxdo*v lqfrph lv yduldeoh dqg kh eruurzv/ lw lv riwhq ihdvleoh wkdw
kh zloo qg klpvhoi lq d srvlwlrq zkhuh kh lv xqdeoh wr uhsd|/ xqohvv wkh ohqglqj
lv vhfxuhg lq d zd| wr suhyhqw ghidxow1 Zkhq ghidxow rffxuv zh pxvw kdyh vrph
frqyhqwlrq wr uhvroyh wkh vlwxdwlrq/ vr wkdw doo sduwlhv fdq surfhhg1 Wklv fdq eh grqh
lq pdq| zd|v>45 vhh/ iru h{dpsoh/ Vhfwlrq 817 ehorz1
816 Rq vhfxuhg ohqglqj
Li wkh lqfrph ri dq lqglylgxdo lv ghwhuplqhg e| d udqgrp yduldeoh/ dqg wkh lqglylgxdo
fdq eruurz pruh wkdq klv plqlpxp lqfrph/ wkhuh lv d fkdqfh wkdw wkh lqglylgxdo zloo
eh xqdeoh wr sd| edfn wkh prqh| rzhg1
44Lq wklv sdshu zh dvvxph v|pphwulf lqirupdwlrq frqglwlrqv khqfh wkh glhuhqw ulvn surohv duh
remhfwlyho| nqrzq dqg surylgh wkh edvlv iru %uhgolqlqj% ru sodflqj glhuhqw frqvwudlqwv dqg lqwhuhvw
udwhv rq glhuhqw fodvvhv ri eruurzhuv1
45Vhh Vkxeln +4<<8/ Fkv1 44 dqg 45, iru d glvfxvvlrq dqg klvwrulfdo lqirupdwlrq1
46H y h qdf d v x d oo r r nd ww k hz r u o gd u r x q gx vz l o of r q  u pw k d ww k h u hl vdo l p l ww r
wkh dprxqw wkdw dq|rqh fdq eruurz1 Zkhq vwxg|lqj htxloleulxp uhvxowv lq pxfk
ri hfrqrplf wkhru| lw pd| eh pdwkhpdwlfdoo| frqyhqlhqw wr dvvxph rwkhuzlvh1 Iru
vrph sxusrvhv wkh dvvxpswlrq ri xqerxqghg dydlodelolw| ri eruurzlqj ru xqerxqghg
vkruw vdohv pd| eh dghtxdwh1 Exw lq qdqfh/ wkh ohqghuv duh lqyduldeo| frqfhuqhg
zlwk wkh suredelolw| wkdw wkh| pd| qrw eh sdlg edfn1 Wkh d{lrp ri ohqglqj lq jrrg
edqnlqj lv wkdw lw lv d ixqfwlrq ri fkdudfwhu/ frpshwhqfh dqg froodwhudo1 Lq pxfk
ri wkh olwhudwxuh lq hfrqrplfv/ fkdudfwhu dqg frpshwhqfh duh uduho| prghohg146 Lq
sudfwlfdo sureohpv ri edqnlqj dqg lqvxudqfh/ wkh| duh lpsruwdqw1 Froodwhudo fdq
eh vsolw idluo| uhdvrqdeo| lqwr wzr sduwv1 Rqh frqvlvwv ri wkh sk|vlfdo dvvhwv rzqhg
e| wkh lqglylgxdo/ wkh rwkhu/ ri wkh frqwudfwv dqg duudqjhphqwv wkh lqglylgxdo kdv
zklfk zloo jhqhudwh lqfrph lq wkh ixwxuh1 Wkxv dq hpsor|phqw frqwudfw lqglfdwlqj
wkdw wkh lqglylgxdo kdv d yh0|hdu frpplwphqw dw d vdodu| ri '833/333 d |hdu iurp
d pdmru frusrudwlrq lv edqndeoh1 Hyhq whqxuh dw d vx!flhqwo| qdqfhg xqlyhuvlw|
kdv vrph fuhglw zruwk dw wkh orfdo edqn> lw fhuwdlqo| zloo eh wdnhq lqwr dffrxqw zkhq
wkh lqglylgxdo eruurzv1
Wkh vl}h ri wkh pruwjdjh pdunhw dorqh/ lqglfdwhv wkh lpsruwdqfh ri vhfxuhg ohqg0
lqj1
Khuh/ iru vlpsolflw| zh gr qrw frqvlghu wkh dvvhw vwuxfwxuh ri wkh lqglylgxdov1 Zh
frqvlghu rqo| wkhlu prqhwdu| lqfrph iurp wkh vdoh ri d frpprglw| wkh| surgxfh1 D
voljkwo| ulfkhu prgho frxog lqwurgxfh dq dvvhw/ vxfk dv odqg/ zklfk lv wkh vrxufh ri
wklv surgxfwlrq1 Lw lv lpsolflwo| suhvhqw khuh/ exw wkh lqglylgxdov duh qrw shuplwwhg
wr wudgh lw> khqfh lw qhhg qrw dsshdu h{solflwo| lq wkh prgho147
Vrph ohqglqj lv edvhg rq fkdudfwhu dqg frpshwhqfh1 Zh gr qrw xqghuhvwlpdwh
wkhlu lpsruwdqfh/ exw wr gr mxvwlfh wr wkhp rqh qhhgv dq dffhswdeoh wkhru| h{sodlqlqj
krz wkhvh duh lqihuuhg1 Vxssrvh wkdw ohqglqj lv edvhg rq d nqrzohgjh ri wkh ixwxuh
fodlpv ri hdfk lqglylgxdo wr lqfrph iurp wkh vdoh ri wkh jrrg wkh| rzq> li wkh sulfh
d wz k l f kw k he r u u r z h u vf r x o gv h o ow k h l uj r r gz h u hn q r z ql qd g y d q f h /w k ho h q g h u v
frxog dffxudwho| hvwlpdwh wkh delolw| ri d eruurzhu wr uhsd|/ dqg wkh| frxog pdnh
vxuh wkdw wkh ordqv duh vhfxuhg1 Lq dfwxdo ohqglqj sudfwlfhv d kdlufxw lv xvxdoo|
jlyhq wr wkh dprxqw ohqw/ edvhg rq wkh dvvhvvhg ydoxh ri wkh vhfxulw| zklfk lv srvwhg1
Wkh ordq pd| frqvwlwxwh rqo| d iudfwlrq ri wkh fxuuhqw hvwlpdwhg zruwk ri wkh dvvhw
xvhg dv vhfxulw|1 Wkh glhuhqfh surylghv d vdihw| fryhu iru wkh srvvlelolw| ri fkdqjhv
lq sulfh/ dqg rwkhu xqiruhvhhq frqwlqjhqflhv dv zhoo dv lqfrpshwhqfh/ frpiruw dqg
frqvhuydwlvp1
Lq d ixoo| g|qdplf v|vwhp/ zkhuh sulfhv duh ehlqj iruphg diwhu ordqv kdyh ehhq
pdgh/ wkhuh lv/ lq hvvhqfh/ qr vxfk wklqj dv d wrwdoo| vhfxuhg ordq/ xqohvv sulfh erxqgv
duh lpsrvhg/48 iru wkh vlpsoh uhdvrq wkdw rqh fdqqrw uxoh rxw wkh srvvlelolw| wkdw wkh
sulfh ri zkdwhyhu lv ehlqj vrog lq wkh ixwxuh pd| gurs wr }hur ru forvh hqrxjk wr }hur
46Fhuwdlq dvshfwv ri fkdudfwhu duh lpsolhg lq wkh olwhudwxuh rq prudo kd}dug1
47Zkhq odqg ri pruh wkdq rqh w|sh lv lqwurgxfhg h{solflwo| dv d surgxfwlyh dvvhw lw lv hdv| wr
h{whqg wkh prgho wr lqfoxgh wudgh lq vkduhv ri wkh rxwsxw wkxv d g|qdplf uhodwlyh wr FDSP fdq eh
frqvwuxfwhg1
48Exw vhh Vkxeln dqg \dr +4<<3, zkhuh li jrog lv erwk prqh| dqg d frqvxphu gxudeoh rqh fdq
frqvwuxfw d wrwdoo| vhfxuhg ordq dv wkh sulfh ri prqh| lq whupv ri lwvhoi lv dozd|v rqh1
47wr sxvk wkh lqglylgxdo lqwr ghidxow1
Zkhq sulfh soxpphwv/ ru lqwhuhvw udwhv ehfrph xquhdvrqdeoh/ zh pd| qhhg
jryhuqphqw lqwhuyhqwlrq wr suhvhuyh rughuo| pdunhwv1 Lq rxu whfkqlfdo sdshuv zh
qrwh wkdw wkhvh dssduhqwo| lqvwlwxwlrqdo ihdwxuhv ri wkh jryhuqphqw/ zklfk suhyhqw
lqwhuhvw udwhv ru sulfhv iurp ehfrplqj wrr h{wuhph/ surylgh vx!flhqw frqglwlrqv iru
wkh erxqglqj ri fhuwdlq vhwv ri rxwfrphv149
Lq wkh prghov suhvhqwhg ehorz/ zh dvvxph wkdw ohqglqj lv erxqghg e| wkh plql0
pxp dprxqw dq lqglylgxdo zloo kdyh dydlodeoh wr sd| edfn/ li sulfh kdv d orzhu erxqg1
Wkxv dfwlyh edqnuxswf| zloo dozd|v eh dyhuwhg1
H{dpsoh 6= Dq rxwvlgh edqn zlwk d }hur udwh ri lqwhuhvw dqg vhfxuhg
ohqglqj
Frqvlghu wkh vdph hfrqrp| dv lq H{dpsoh 4/ zlwk wkh dgglwlrqdo ihdwxuh ri dq
rxwvlgh ru fhqwudo edqn1 Vxssrvh wkdw wkh edqn lv zloolqj wr dffhsw ghsrvlwv dqg
wr ohqg dq| lqglylgxdo xs wr dq dprxqw n @4 @51 Dvvxph dovr wkdw wkh edqn vhwv
w k hu d w hr il q w h u h v w @3iru erwk eruurzhuv dqg ghsrvlwruv1 Wkh edqn uhwxuqv wr
ghsrvlwruv wkhlu ghsrvlwv dw wkh ehjlqqlqj ri hdfk shulrg/ dqg uhtxluhv eruurzhuv wr
sd| edfn wkhlu ordqv dw wkh vdph wlph1
Zh pd| uhjdug wklv dv vhfxuhg ohqglqj lq wkh iroorzlqj vhqvh1 Li wkh edqn kdv
suhglfwhg wkdw sulfhv lq wkh ixwxuh zloo eh s| @4 / wkhq jlyhq wkh lqfrphv ri hdfk
lqglylgxdo/ doo zloo kdyh dq lqfrph ri dw ohdvw 425 dqg/ dw ohdvw dw d udwh ri lqwhuhvw ri
 @3 / zloo dozd|v eh deoh wr sd| edfn xs wr 4251 Li wkh jxhvv ri wkh edqn frqfhuqlqj
suhglfwhg sulfh lv lqfruuhfw/ dqg wkh sulfh wxuqv rxw wr eh orzhu/ wkhq vrph ghewruv
pd| qrw hduq hqrxjk wr sd| edfn wkh ordqv zklfk zhuh phdqw wr eh vhfxuh14:
Jlyhq wkdw ixwxuh vsrw sulfhv duh s| @4iru doo w/ wkhq lw fdq eh vkrzq +fi1 NVV/
4<<:, wkdw dq rswlpdo vwudwhj| iru dq lqglylgxdo zlwk zhdowk v lv= Li 3  v  4@5/
eruurz 425 dqg vshqg v .4 @5>l i4@5 ?v?4/ eruurz 4  v dqg vshqg 4> li v  4/
ghsrvlw v  4 dqg vshqg 41 Wkxv/ h{dfwo| dv lq H{dpsoh 4/ hdfk djhqw vhhnv wr
frqvxph dv forvh dv srvvleoh wr rqh xqlw ri wkh jrrg/ dw zklfk srlqw wkh xwlolw|
ixqfwlrq vdwxudwhv1 Wkh glhuhqfh khuh lv wkdw djhqwv zlwk ohvv wkdq rqh xqlw ri
prqh| fdq qrz eruurz iurp wkh edqn1
Zkhq dq djhqw iroorzv wkh rswlpdo vwudwhj| mxvw ghvfulehg/ wkh vwrfkdvwlf surfhvv
ri wkh djhqw*v vxffhvvlyh zhdowk ehfrphv d Pdunry fkdlq dv ghslfwhg lq Iljxuh 6/
h{fhsw wkdw lw lv qrz vkliwhg wr wkh ohiw e| kdoi d xqlw1 Wkxv/ wkh vwdwlrqdu| glvwulexwlrq
i r uw k hf k d l ql vj l y h qe |
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Dv lq H{dpsoh 4/ wklv lv dovr wkh htxloleulxp glvwulexwlrq ri zhdowk dfurvv djhqwv1
Wkh wrwdo elg lv hdvlo| fdofxodwhg wr eh E @6 @7 dv ehiruh/ exw qrz lqfoxghv elgv
iurp djhqwv dw 3 dqg 425 wkdw lqyroyh eruurzlqj1 Wkxv wkh htxloleulxp sulfh lv
s @ E@T @+ 6 @7,@+6@7, @ 4/d vs u h g l f w h g 1
49Wkh| surylgh wkh vx!flhqw frqglwlrqv iru wkh frpsdfwqhvv ri wkh sd|rv dqg hqdeoh xv wr rewdlq
h{lvwhqfh surriv1
4:Vhh Vkxeln dqg \dr +4<;<, iru d glvfxvvlrq ri vhfxuhg ohqglqj1









































Qrwlfh wkdw wkh wrwdo dprxqw ghsrvlwhg glhuv iurp wkh wrwdo dprxqw eruurzhg/
vr wkdw wkh edqn pxvw krog dq dprxqw U ri uhvhuyhv/ lq rughu wr phhw wkh ghpdqg
iru ordqv1 Wkh prqh| vxsso| iru wkh vrflhw| dv d zkroh fdq eh wdnhq wr eh U.P @
4@7.4 @5@6 @7/ zkhuh wkh edqn uhvhuyhv ri U @4 @7 wrjhwkhu zlwk ghsrvlwv ri 4245
duh vx!flhqw wr surylgh prqh| iru ohqglqj1
Ehfdxvh ri wkh vdwxudwhg xwlolw| ixqfwlrq lq wklv h{dpsoh/ wkhuh fdqqrw eh dq
htxloleulxp zlwk d srvlwlyh udwh ri lqwhuhvw sdlg wr ghsrvlwruv1 Lqghhg/ iru dq| A3/
wkh lqwhuhvw lqfrph ri d vx!flhqwo| ulfk lqglylgxdo zloo h{fhhg klv vshqglqj ri rqh
xqlw ri prqh| dqg/ frqvhtxhqwo| wkh zhdowk ri vxfk dq lqglylgxdo zloo lqfuhdvh wrzdug
lqqlw|1
Wkh qh{w h{dpsoh kdv d xwlolw| ixqfwlrq x wkdw grhv qrw vdwxudwh dqg iru zklfk
wkh ghulydwlyh x￿ lv erxqghg dzd| iurp }hur1 Wklv pdnhv lw srvvleoh wr frqvwuxfw dq
htxloleulxp zlwk srvlwlyh dqg glhuhqw lqwhuhvw udwhv iru eruurzhuv dqg ghsrvlwruv1
Revhuyh wkdw lq htxloleulxp wkh edqn pxvw edodqfh lwv errnv hyhu| shulrg/ lq wkh
v h q v hw k d ww k hq h wl q w h u h v ws d l ge |e r u u r z h u vw rw k he d q np x v wh t x d ow k d ws d l ge |
wkh edqn wr ghsrvlwruv1 Rwkhuzlvh/ wkh wrwdo zhdowk khog e| djhqwv zrxog eh jurzlqj
ru vkulqnlqj/ dqg/ lq sduwlfxodu/ wkh glvwulexwlrq ri zhdowk frxog qrw uhpdlq {hg1 Lq
H{dpsoh 6 zlwk }hur lqwhuhvw udwhv dqg vhfxuhg ohqglqj/ wkh errnv wulyldoo| edodqfh
ehfdxvh wkh qhw lqwhuhvw sdlg e| eruurzhuv lv }hur/ dqg vr lv wkdw sdlg wr ghsrvlwruv1
H{dpsoh 7= Dq rxwvlgh edqn zlwk wzr glhuhqw srvlwlyh lqwhuhvw udwhv dqg
vhfxuhg ohqglqj
Vxssrvh wkdw hdfk djhqw  lq hdfk shulrg w qrz surgxfhv \ k
| xqlwv ri wkh jrrg
zkhuh S^\ k
| @4 `@4  dqg S^\ k
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49zkhuh wkh sdudphwhu  lv lq wkh lqwhuydo +3/4,1 Wkh ixqfwlrq x l vv k r z ql qI l j x u h
81 Wkh edqn rhuv ordqv wr eruurzhuv xs wr d olplw ri n @4 @6 dw wkh lqwhuhvw udwh









Wkh sdudphwhuv / / dqg wkh glvfrxqw idfwru  fdq eh fkrvhq vr wkdw wkh htxl0
oleulxp sulfh s lv 4/ wkh errnv edodqfh/ dqg wkh rswlpdo srolf| iru dq djhqw lv dv
iroorzv=
Eruurz ￿
￿ dqg vshqg doo iru 3  v  5￿
S>
eruurz 5￿
2  v dqg vshqg doo +@ 5￿
2, iru 5￿
S  v  5￿
2
ohqg v  5￿
2 dqg vshqg 5￿
2 iru 5￿
2  v  6>
ohqg ￿
2 dqg vshqg v  5￿
2 iru 6  v1










S  v  6
v  ￿




d vl vv k r z ql qI l j x u h9 1







Bid       (c(s))
Iljxuh 9
4:Lw lv hdv| wr fkhfn wkdw wkh zhdowk ri dq djhqw xvlqj wklv srolf| zloo/ diwhu qr pruh
wkdq 5 gd|v/ wdnh ydoxhv lq wkh vhw ~3/5/6/81 Wkxv/ wkh vwdwlrqdu| glvwulexwlrq ri wkh
s u r f h v vl vm x v ww k d wr iw k l vv l p s o hP d u n r yf k d l qv k r z ql qI l j x u h: 1









Wkh vwdwlrqdu| glvwulexwlrq ri wklv fkdlq lv
f @+ 4 ,2> 2 @ ￿ @ +4  ,> D @ 2=
Frqvlghu qrz wkh uhtxluhphqw wkdw wkh edqn edodqfh lwv errnv xqghu wklv htxloleulxp
zhdowk glvwulexwlrq1 Xqghu wkh sursrvhg rswlpdo srolf|/ djhqwv zlwk zhdowk 3 dqg 5
zloo hdfk eruurz 426 dqg sd| edfn +4 . ￿,  ￿
￿ @6 ￿
￿ @4wr wkh edqn1 Wkxv/ wkh
djjuhjdwh qhw jdlq wr wkh edqn lv 2
￿+f . ￿,@2
￿+4  ,1 Djhqwv zlwk zhdowk 6 ru 8
zloo ghsrvlw 425 dqg jhw edfn iurp wkh edqn +4.2, ￿
2 @5 ￿
2 @4 1 Wkh djjuhjdwh
qhw orvv wr wkh edqn lv ￿
2+￿ .D,@￿
21 Wkh edqn zloo edodqfh lwv errnv li dqg rqo|
li 2
￿+4 ,@￿
2>w k d wl v /l  @ e
.1
Ohw xv { wkh sdudphwhu  wr eh 72:1 Lw lv hdv| wr yhuli| wkdw wkh sulfh s vwd|v
htxdo wr 4 xqghu wkh vwdwlrqdu| glvwulexwlrq1 Wkh surri wkdw wkh srolf| ghqhg deryh
lv rswlpdo lv vnhwfkhg lq wkh dsshqgl{1
Zh duh qrz lq d srvlwlrq wr vwduw wr dqvzhu vrph ri wkh iwhhq txhvwlrqv udlvhg
lq wkh lqwurgxfwlrq1
Txhvwlrq 7= Zkdw duh wkh frqglwlrqv xqghu zklfk ohqglqj dqg ghsrvlw udwhv ri
lqwhuhvw vkrxog ru vkrxog qrw eh htxdoB
Revhuydwlrq 7= Zh kdyh frqvwuxfwhg dq h{dpsoh +H{dpsoh 7, ri dq hfrqrp| zlwk
rqh w|sh ri djhqw dqg dq rxwvlgh edqn zlwk ordqv dqg ghsrvlwv zlwk wzr glhuhqw
lqwhuhvw udwhv/ rqh iru wkh eruurzhuv dqg rqh iru ghsrvlwruv/ zlwk qr edqnuxswf|1
Lq wklv lqvwdqfh/ li zh zhuh wr frqvlghu eruurzlqj dqg ohqglqj wkurxjk d prqh|
pdunhw/ wkhuh zrxog eh qr htxloleulxp zlwk dq dfwlyh prqh| pdunhw1 Zh eholhyh wkdw
wkh idloxuh ri wkh vxsso| iru ordqv wr htxdo wkh ghpdqg iru ordqv dw d vlqjoh lqwhuhvw
udwh lv gxh wr wkh nlqn/ ru qrqglhuhqwldelolw|/ lq wkh xwlolw| ixqfwlrq1 Li wkh xwlolw|
ixqfwlrq zhuh vprrwko| glhuhqwldeoh/ zh vxvshfw wkdw wkh pdlqwhqdqfh ri wzr udwhv
zrxog uhtxluh vwulfw srolflqj e| wkh jryhuqphqw edqn wr suhyhqw duelwudjh1 Krzhyhu
li wkhuh duh wudqvdfwlrqv frvwv dvvrfldwhg zlwk wkh vhdufk/ frqwudfwlqj dqg froohfwlrq
surfhgxuhv lq d ordq pdunhw/ wkhq wkh suhvhqfh ri wzr udwhv lv frqvlvwhqw zlwk glhu0
hqwldeoh xwlolw| ixqfwlrqv1 Hyhq zlwk vprrwko| glhuhqwldeoh xwlolw| ixqfwlrqv dqg qr
4;vdwxudwlrq ri xwlolw|/ wkh vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri d vlqjoh udwh zklfk
fohduv wkh pdunhw duh vrphzkdw gholfdwh +vhh NVV/ 4<<:,1
Wkh suhvhqfh ri wudqvdfwlrqv frvwv lv vx!flhqw wr mxvwli| wkh lqwurgxfwlrq ri frp0
shwlwlyh frpphufldo edqnlqj/ li wkh edqnv fdq surwdeo| surylgh wkh pdwfklqj vhuylfhv
dw d orzhu wudqvdfwlrqv frvw wkdq wkh lqglylgxdov fdq lq gluhfw ohqglqj wr hdfk rwkhu
zlwkrxw lqwhuphgldulhv/ ru hyhq xvlqj d prqh|0pdunhw eurnhu1
Lq wkh whfkqlfdo frpsdqlrq sdshu rq htxloleulxp zlwk dfwlyh edqnuxswf| +JNVV/
4<<:, zh qrwh wkdw d glhuhqw uhdvrq dsshduv1 Wkh wzr udwhv fdq eh mxvwlhg e| wkh
uhtxluhphqwv iru orvv uhvhuyhv iru wkh edqn1
Txhvwlrq 8= Zkhq wkhuh lv d vlqjoh/ qrq}hur/ qrqlq dwlrqdu| htxloleulxp ghsrvlw
dqg eruurzlqj udwh ri lqwhuhvw/ zkdw lv wkh uhodwlrqvkls ehwzhhq wkh udwh ri lqwhuhvw
dqg wkh qdwxudo glvfrxqw idfwru + lq wkh xwlolw| ixqfwlrq,B
Revhuydwlrq 8= Wkh uhdvrq iru vdylqj prqh| lv wr eh deoh wr vprrwk0rxw frqvxps0
wlrq/ zkhq rqh lv vxemhfw wr d udqgrp lqfrph1 Vdylqj frxog eh zruwkzkloh hyhq dw d
}hur udwh ri lqwhuhvw> iru lqvwdqfh/ li lw lv jxdudqwhhg wkdw d ordq zloo eh uhsdlg/ d vdyhu
lv lqglhuhqw ehwzhhq ohqglqj dw d }hur udwh ri lqwhuhvw ru krduglqj1 Dq| srvlwlyh udwh
ri lqwhuhvw uhsuhvhqwv d jdlq ryhu krduglqj/ wr dq lqglylgxdo zkr zlvkhv wr vdyh prqh|
iru lqvxudqfh1
Li wkhuh zhuh qr vwrfkdvwlf hohphqw lq wkh hfrqrp|/ wkh htxloleulxp udwh ri lqwhuhvw
 dw zklfk wkh edqn*v errnv edodqfh zrxog kdyh wr vdwlvi| 4. @4 @/z k h u h
3 ??4 lv wkh glvfrxqw idfwru14; Zkhq wkhuh lv d vwrfkdvwlf hohphqw/ dqg
qr edqnuxswf| dw htxloleulxp/ wkh lqwhuhvw udwh zklfk edodqfhv wkh fhqwudo edqn*v
errnv dqg khqfh jxdudqwhhv qr lq dwlrq lv pruh frpsoh{1 Lw lv ghwhuplqhg e| wkh
qdwxudo glvfrxqw idfwru/ wkh ixoo glvwulexwlrq ri wkh lqfrph vwrfkdvwlf yduldeoh/ dqg
wkh fxuydwxuh ri wkh xwlolw| ixqfwlrq1 Wkh edqn udwh pxvw eh vhohfwhg lq vxfk d zd|/
wkdw wkh dprxqwv ri eruurzlqj dqg ohqglqj dhfw hdfk rwkhu lq htxloleulxp1
817 Dq rxwvlgh edqn zlwk dfwlyh edqnuxswf|
Edqnuxswf| lv dq lpsruwdqw ihdwxuh ri uhdo hfrqrplhv1 Rxu whfkqlfdo sdshu +JNVV/
4<<:, lqwurgxfhv d vlpsoh prgho/ lq zklfk edqnuxswf| fdq dqg grhv rffxu hyhq lq
htxloleulxp1 Wkh ixoo ghqlwlrq ri wkh uxohv ri rxu jdph uhtxluhv wkh vshflfdwlrq ri
krz wkh lqdelolw| wr uhsd| lv uhvroyhg1 Lq d uhdo hfrqrp| wklv srvvlelolw| lv kdqgohg
e| odzv frqfhuqlqj ghidxow/ lqvroyhqf|/ dqg edqnuxswf|1 Udwkhu wkdq jhw orvw lq
lqvwlwxwlrqdo ghwdlov/ zh prgho wkhvh uxohv dv vlpso| dv srvvleoh1 Djhqwv zkr duh
xqdeoh wr uhsd| wkhlu ghewv uhfhlyh d qrqprqhwdu| sxqlvkphqw lq xqlwv ri xwlolw|/
exw duh wkhq irujlyhq wkhlu ghewv dqg doorzhg wr frqwlqxh wr sod|1
Wr pdnh wklv sxqlvk dqg irujlyh uxoh suhflvh/ zh qrz dvvxph wkdw hdfk djhqw*v
xwlolw| ixqfwlrq x+{, lv ghqhg iru qhjdwlyh dv zhoo dv srvlwlyh ydoxhv ri {1I r u
{  3/ x+{, lv srvlwlyh dqg uhsuhvhqwv/ dv lw glg ehiruh/ wkh xwlolw| ghulyhg iurp wkh
4;Jlyhq wkh vlpsoh shulrg0e|0shulrg vhsdudeoh xwlolw| ixqfwlrq zh kdyh xvhg/ zlwk d frqvwdqw
lqfrph hdfk shulrg/ wkhuh pd| eh qr qhhg iru dfwlyh eruurzlqj ru ohqglqj> exw d vkdgrz udwh ri
lqwhuhvw pd| qhyhuwkhohvv h{lvw1 Li dq| rwkhu udwh ri lqwhuhvw zhuh dqqrxqfhg wkhuh zrxog eh dq
rssruwxqlw| iru duelwudjh1
4<frqvxpswlrq ri { xqlwv ri wkh jrrg1 Iru {?3/ x+{, lv qhjdwlyh dqg fruuhvsrqgv wr
sxqlvkphqw lqfxuuhg iru d ghew htxdo wr { xqlwv ri wkh jrrg/ ru s{ xqlwv ri prqh|
zkhq s lv wkh sulfh1
Hyhq wkrxjk vrph djhqwv pd| idlo wr sd| edfn wkhlu ordqv/ wkh edqn pxvw qhyhu0
wkhohvv edodqfh lwv errnv lq htxloleulxp mxvw dv ehiruh1 Dv wkh qh{w h{dpsoh looxvwudwhv/
wklv fdq eh dffrpsolvkhg li wkh djjuhjdwh uhsd|phqwv ri wkh eruurzhuv duh vx!flhqw
wr pdnh xs iru wkrvh zkr ghidxow1
H{dpsoh 8= Wzr lqwhuhvw udwhv dqg dfwlyh edqnuxswf|
Wkh surgxfwlrq yduldeohv \ k
| vdwlvi| S^\ k
| @3 `@4 dqg S^\ k
| @8 `@/z k h u h




| g @8 1 Qrwlfh wkdw dq djhqw/ zkr eruurzv dqg vshqgv/ zloo zlwk
suredelolw| 4   uhfhlyh qr lqfrph1 Wkxv/ vhfxuhg ohqglqj lv lpsrvvleoh hyhq lq
htxloleulxp1 Djhqwv kdyh wkh xwlolw| ixqfwlrq
x+{,@
+
{> 4 ?{ 4
4.+{  4,>{  4
,
>
zkhuh 3 ??41 Wkh edqn ohqgv wr eruurzhuv xs wr d olplw ri n @4dw wkh lqwhuhvw
udwh ￿ @4 @  4dqg sd|v ghsrvlwruv dw udwh 2 @3 1
Dv lv vkrzq lq Dsshqgl{ E ri JNVV +4<<:,/ wkh sdudphwhuv  dqg  fdq eh fkrvhq
vr wkdw wkh htxloleulxp sulfh s lv 4 dqg hdfk djhqw*v rswlpdo srolf| lv dv iroorzv= ;
A ?
A =
Eruurz 4  v dqg vshqg 4 iru 3  v  4>
vdyh v  4 dqg vshqg 4 iru 4 ?v 5>
vdyh 4 dqg vshqg v  4 iru vA5=
Iru v?3/d qd j h q wl vs x q l v k h gx+v,@v dqg wkhq sod|v wkh srolf| deryh iurp 31
Diwhu dw prvw wzr vwhsv/ wkh zhdowk ri dq djhqw sod|lqj wklv srolf| zloo olh lq wkh
vhw i4@>3>4>8  4@>8>9j1 D edqnuxsw djhqw dw wkh qhjdwlyh srvlwlrq 4@ lv
sxqlvkhg e| wkh vdph dprxqw x+4@,@4@ dqg wkhq lpphgldwho| pryhv wr 3
ehiruh pdnlqj d elg1 Diwhu wklv pryh/ wkh fkdlq lv dv slfwxuhg lq Iljxuh ; ehorz1 Iru
h{dpsoh/ dq djhqw dw v @3e r u u r z v4 /v s h q g vl w /d q gr z h vw k he d q n+4.￿,4@4 @1
Zlwk suredelolw|   @4/w k hd j h q wu h f h l y h vq rl q f r p h /j r h ve d q n u x s wd w4@/l v
sxqlvkhg/ dqg lv wkhq vhw edfn dw v @31 Zlwk suredelolw| / wkh djhqw uhfhlyhv dq
lqfrph ri 8 xqlwv ri prqh|/ sd|v wkh ghew ri 4@/d q gp r y h vw r8  4@1
0 1  
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53Wkh vwdwlrqdu| glvwulexwlrq iru wkh fkdlq lv
f @+ 4 ,2> ￿ @ +4  ,> D3￿*￿ @ +4  ,2> D @ 2+4  ,> S @ 2>
wkh wrwdo elg lv





. D  +8  4, . S  +9  4, @ 8=
Wkxv wkh sulfh s @ E@T @+ 8 ,@+8,@4lv lq djuhhphqw zlwk rxu dvvxpswlrq1
Revhuyh dovr wkdw wkh edqn grhv edodqfh lwv errnv1 Lqghhg/ wkh edqn kdv qr qhw
orvv wr lwv ghsrvlwruv dw srvlwlrqv 8  4@/8 /d q g9 /e h f d x v h2 @3 1 Wkh eruurzhuv
dw srvlwlrq v @3hdfk eruurz 4> wkh sursruwlrq  ri eruurzhuv zkr jhw dq lqfrph
ri 8 zloo hdfk sd| edfn +4 . ￿,  4@4 @/ dqg wkh wrwdo dprxqw sdlg edfn zloo eh
  4@ @4 1
9 D Prqh| Pdunhw iru Ordqv
Ohw xv dvvxph qrz wkdw wkhuh lv qr rxwvlgh edqn exw wkdw/ lqvwhdg/ djhqwv elg LRX
qrwhv iru ordqv ru rhu prqh| iru ohqglqj lq d prqh| pdunhw1 Dq lqwhuhvw udwh lv
qrz iruphg hqgrjhqrxvo| e| glylglqj wkh djjuhjdwh elg ri eruurzhuv iru ordqv e| wkh
djjuhjdwh ixqgv rhuhg iru ohqglqj1 Diwhu eruurzlqj ru ohqglqj lq wkh prqh| pdunhw/
djhqwv elg iru wkh frpprglw| dqg lwv sulfh lv iruphg mxvw dv ehiruh1
Iru wkh prqh| pdunhw prgho wr eh lq htxloleulxp zlwk d vwdwlrqdu| zhdowk glvwule0
xwlrq/ wzr edodqfh htxdwlrqv pxvw eh vdwlvhg1 Iluvw/ wkh dprxqw ri prqh| eruurzhg
pxvw eh htxdo wr wkh dprxqw ohqw/ dqg/ iru wkh lqwhuhvw udwh wr eh zhoo0ghqhg/ wkhvh
txdqwlwlhv fdqqrw htxdo }hur1 Vhfrqgo|/ wkh dprxqw sdlg edfn wr ghsrvlwruv pxvw
htxdo wkdw sdlg edfn e| eruurzhuv1 Wkh vhfrqg frqglwlrq iroorzv iurp wkh uvw lq wkh
fdvh ri vhfxuhg ohqglqj1 ^Vhh NVV +4<<8, dqg JNVV +4<<:, iru d ghwdlohg h{sodqdwlrq1`
Wkh qh{w wzr h{dpsohv looxvwudwh uvw d prqh| pdunhw zlwk vhfxuhg ohqglqj dqg
wkhq zlwk dfwlyh edqnuxswf|1
H{dpsoh 9= D prqh| pdunhw zlwk vhfxuhg ohqglqj
Dvvxph wkdw hyhu| djhqw kdv wkh xwlolw| ixqfwlrq ri H{dpsoh 7 dv vkrzq lq Iljxuh
8/ dqg wkdw wkh surgxfwlrq yduldeohv/ uhsuhvhqwhg e| \ /v d w l v i |S^\ @4 `@4 @5@
S^\ @7 ` 1 Zh zdqw wr h{klelw d prqh|0pdunhw htxloleulxp zlwk lqwhuhvw udwh  @4 /
sulfh s @4 /d q ge r x q gr qo r d q vn @4 @51 Li wkhvh sdudphwhuv duh {hg/ wkhq/ iru






2> 3  v  5
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dv lv vkrzq lq dq dsshqgl{ wr NVV +4<<:,1 Revhuyh wkdw xqghu wklv srolf|/ dq djhqw
zlwk ohvv wkdq 5￿
2 xqlwv ri prqh| eruurzv wkh pd{lpxp ru mxvw hqrxjk wr uhdfk 5￿
2/
dqg dq djhqw zlwk pruh wkdq 5￿
2 xqlwv zloo ohqg wkh h{fhvv xs wr d pd{lpxp ri 4251
54Dq djhqw zkr xvhv wklv srolf| zloo uhdfk d zhdowk v lq 3/ 5/ 6/ 8 dqg wkhq iroorz wkh
Pdunry fkdlq ri Iljxuh : zlwk wkh sdudphwhu  @4 @51 Wkh vwdwlrqdu| glvwulexwlrq
lv f @ 2 @ ￿ @ D @4 @71 Doo ri wkh djhqwv dw 3 dqg 5 duh eruurzlqj 425 dqg
sd|lqj edfn 4> wkrvh dw 6 dqg 8 duh ohqglqj 425 dqg jhwwlqj edfn 41 Wkxv/ wkh errnv
edodqfh1 Lw lv hdv| wr fkhfn wkdw wkh sulfh lv s @4 / xqghu wkh jlyhq srolf| dqg zhdowk
glvwulexwlrq1
Wkh h{dpsoh zrunv dovr zlwk d edqn lq sodfh ri wkh prqh| pdunhw1
H{dpsoh := D prqh| pdunhw zlwk dfwlyh edqnuxswf|
Frqvlghu wkh hfrqrp| ri H{dpsoh 8 exw zlwk d prqh| pdunhw udwkhu wkdq d edqn1
Ehfdxvh pdq| eruurzhuv jr edqnuxsw dqg idlo wr sd| wkhlu ghewv/ wkh h{ dqwh lqwhuhvw
udwh ￿ @ ￿
￿  4 fkdujhg wr eruurzhuv glhuv iurp wkh h{ srvw udwh 2 @3sdlg wr
ohqghuv1 Wkh vdph htxloleulxp dv lq H{dpsoh 8 zloo zrun iru d prqh|0pdunhw/ li wkh
wrwdo dprxqw ri prqh| eruurzhg htxdov wkh wrwdo dprxqw ohqw1 Xqghu wkh srolf| dqg
zhdowk glvwulexwlrq iurp H{dpsoh 8/ wkh wrwdo dprxqw eruurzhg lv f 4@+ 4,2/
dqg wkh wrwdo ohqw lv D3￿￿ 4.D4.S41 Iru htxloleulxp/ zh qhhg wkdw wkhvh
dprxqwv eh htxdo> wklv ohdgv wr wkh htxdwlrq +4  ,2 @ / rqo| rqh urrw ri zklfk/
qdpho|/  @+ 6
s
8,@5@=6;/ lv d suredelolw|1
Wklv h{dpsoh vxjjhvwv/ zkdw vhhpv wr eh wuxh pruh jhqhudoo|/ wkdw d prqh|0
pdunhw htxloleulxp lv pruh gholfdwh wkdq dq htxloleulxp zlwk d fhqwudo edqn1
Txhvwlrq := Zkhq fdq d prqh| pdunhw ru d fhqwudo edqn eh vxevwlwxwhvB
Revhuydwlrq := D fhqwudo edqn fdq dozd|v uhsodfh d prqh| pdunhw e| ghfodulqj
dq h{rjhqrxv lqwhuhvw udwh +ru udwhv, htxdo wr wkh hqgrjhqrxv udwh ghwhuplqhg e|
wkh prqh| pdunhw1 D prqh| pdunhw fdq vxevwlwxwh iru d edqn rqo| li ohqglqj dqg
eruurzlqj duh lq edodqfh1
Txhvwlrq ;= Zkhq dqg zk| duh erxqgv uhtxluhg rq wkh dprxqwv wkdw dq lqglylgxdo
fdq eruurzB
Revhuydwlrq ;= Wkh fuhglw0judqwlqj vwdqgdugv dqg wkh ghidxow dqg uhrujdql}dwlrq
uxohv ri d vrflhw| duh/ lq hvvhqfh/ d sxeolf jrrg zklfk idflolwdwhv wkh ghfhqwudol}dwlrq
ri ulvn0wdnlqj lq lqyhvwphqw1 D ordq pdunhw fdq eh nloohg +rq wkh sulydwh ohqghu vlgh,
e| kdylqj qr shqdow| djdlqvw ghidxow/ xqohvv ghidxow lv erxqghg +vhh Revhuydwlrq
<,> lw lv nloohg +rq wkh eruurzhu vlgh, e| kdylqj vr kljk d shqdow| wkdw eruurzlqj lv
glvfrxudjhg1
Zlwkrxw vrph olplw rq wkh jhqhudwlrq ri LRX qrwhv/ elgglqj frxog eh xqerxqghg
dqg wkh jdph loo0ghqhg1 Dq hdv| dqg uhdvrqdeo| qdwxudo zd| wr kdqgoh wklv sureohp
lv wr lqwurgxfh h{solflwo| olplwv rq wkh delolw| ri lqglylgxdo ghewruv wr jhqhudwh LRX
qrwhv1 Exw wklv { +zklfk pd| eh qhhghg wr nhhs vwudwhj| vhwv frpsdfw, pxvw
kdyh dq lqwhusuhwdwlrq lq whupv ri wkh lqirupdwlrq uhtxluhphqwv lq d pdunhw zlwk
eruurzlqj1 Wklv lv wkh vxemhfw ri Txhvwlrq < dqg lv ghdow zlwk ehorz1
55Txhvwlrq <= Zkdw duh wkh lqirupdwlrq uhtxluhphqwv rq fuhglw uhvwulfwlrqv dqg rq
wkh vhohfwlrq ri fulwhuld iru vhfxuhg ohqglqj dqg edqnuxswf| uxohvB
Revhuydwlrq <= Wkhuh lv d edvlf gl!fxow| lq wkh uxqqlqj ri ordq pdunhwv/ zkhuh wkh
ordqv duh qrw lpphgldwho| vhfxuhg e| dvvhwv zklfk duh dozd|v zruwk pruh wkdq wkh
ordq1 Wklv gl!fxow| lv pdqlihvwhg lq wkh h{shqvh dqg frpsoh{lw| ri fuhglw hydoxdwlrq
surfhgxuhv/ lqirupdwlrq uhtxluhphqwv/ dqg froohfwlrq frvwv1
Dq|rqh zkr kdv ehhq lqyroyhg zlwk uhdo0zruog ordq pdunhwv lv dzduh ri vxevwdqwldo
h{shqvhv lq ohjdo/ dffrxqwlqj/ dxglwlqj/ dgplqlvwudwlyh dqg froohfwlrq frvwv1 Lq wklv
lqyhvwljdwlrq zh gr qrw ghdo gluhfwo| zlwk wkhvh ihdwxuhv/ exw frqfhqwudwh rq wkh
uhsuhvhqwdwlrq ri wkh ryhudoo uroh ri hydoxdwlrq1 Lq hvvhqfh/ zkhqhyhu wkhuh lv d odujh
krprjhqrxv jurxs ri djhqwv zkr zlvk wr eruurz/ exw kdyh qr dvvhwv iru vhfxulw|/
wkh ohqghuv fdqqrw h{shfw wr eh sdlg edfn li wkh eruurzhuv duh ohqw pruh wkdq wkh
suhvhqw ydoxh ri wkhlu h{shfwhg lqfrph1 Exw wklv dw ohdvw uhtxluhv wkdw wkh vl}h ri wkhlu
h{shfwhg lqfrph eh nqrzq1 Lghdoo|/ iru wljkw frqwuro lq d ordq pdunhw zlwk q w|shv ri
eruurzhuv/ dqg ohdylqj dvlgh dgplqlvwudwlyh frvwv/ wkh ohqghuv qhhg wr nqrz dw ohdvw
wkh h{shfwhg lqfrph ri hdfk w|sh/ wkh suredelolw| wkdw dq lqglylgxdo zkr kdv ehhq
ohqw d vshflf dprxqw zloo jr edqnuxsw/ dqg wkh irufh ri wkh ghidxow shqdow| rq klv
ehkdylru1 Iru vhfxuhg ohqglqj/ wkh ohqghu qhhgv wr eh deoh wr hydoxdwh dffxudwho| wkh
ixwxuh zruwk dqg frqglwlrq ri fxuuhqw dvvhwv dqg ixwxuh lqfrph ri lqglylgxdov1 Lq idfw/
pdq| ordqv gr lqyroyh lq0ghswk/ ghwdlohg kdqg0wdloruhg/ rqh0rq0rqh duudqjhphqwv1
Lq d pdvv0pdunhw wkh ox{xu| ri pxfk shuvrqdol}hg lqirupdwlrq fdq kdugo| eh drughg1
E| h{solflwo| lqwurgxflqj wkh dssursuldwh sdudphwhuv lq whupv ri erxqgv rq eru0
urzlqj dqg hvwlpdwhv ri ghidxow/ wrjhwkhu zlwk dssursuldwh shqdowlhv/ zh duh deoh wr
frqvwuxfw d zhoo0ghqhg sod|deoh jdph1 Exw wkh qhhg iru wklv ghwdlo kljkoljkwv wkh
revhuydwlrq wkdw wkh nh| wr vxffhvvixo qdqflqj olhv lq wkh fuhglw hydoxdwlrq dqg srolf0
lqj surfhgxuhv1 Wkhvh dw ohdvw dsshdu dv orjlfdo qhfhvvlwlhv lq wkh vwudwhjlf pdunhw
jdph prghov1
Txhvwlrq 43= Lq dq hfrqrp| zlwk xqfhuwdlqw|/ grhv wkh lqwurgxfwlrq ri d ordq pdunhw
lpsuryh wkh zhoiduh ri wkh vrflhw| dv d zkrohB
Revhuydwlrq 43= Lw lv qdwxudo wr jxhvv wkdw wkh lqwurgxfwlrq ri dq dfwlyh ordq0pdunhw
zloo lpsuryh zhoiduh iru wkh vrflhw| dv d zkroh1 Lq wkhvh vlpsoh rqh0glphqvlrqdo
hfrqrplhv zlwk rqo| rqh w|sh ri djhqw/ zh fdq wdnh wkh lqwhjudo ri xwlolwlhv dv d
phdvxuh ri wrwdo zhoiduh1 Krzhyhu/ wkh iroorzlqj h{dpsoh vkrzv wkdw d ordq0pdunhw
fdq ghfuhdvh wrwdo zhoiduh lq htxloleulxp1
H{dpsoh ;= D ordq pdunhw wkdw ghfuhdvhv wrwdo zhoiduh
Frqvlghu dq hfrqrp| zlwk wkh slhfhzlvh0olqhdu xwlolw| ixqfwlrq ri H{dpsoh 7 dqg
zlwk surgxfwlrq yduldeohv/ uhsuhvhqwhg e| \ / vxfk wkdw S^\ @4 `@4 @5@S^\ @7 ` 1
Vxssrvh uvw wkdw wkhuh lv d ordq pdunhw +hlwkhu wkurxjk dq rxwvlgh edqn/ ru d prqh|
pdunhw, zlwk vhfxuhg ohqglqj/ d erxqg rq ordqv ri n @4 @5/ lqwhuhvw udwhv ￿ @ 2 @4 /
dqg sulfh s @4lq htxloleulxp1 Dv lv vkrzq lq wkh dsshqgl{ wr NVV +4<<:,/ wkh
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iru fhuwdlq ydoxhv ri wkh sdudphwhuv  dqg > iru h{dpsoh/  @4 @7 dqg  @4 @441
Wkh vwdwlrqdu| zhdowk glvwulexwlrq é iru wkh fruuhvsrqglqj Pdunry fkdlq lv wkh xql0






























Iru wkh vdph hfrqrp| zlwkrxw wkh srvvlelolw| ri eruurzlqj ru ohqglqj/ wkh rswlpdo
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Rq wkh rwkhu kdqg/ lw lv qrw gl!fxow wr jlyh h{dpsohv zkhuh d ordq pdunhw lp0
suryhv wrwdo zhoiduh1
: Revhuydwlrqv rq d V|vwhp zlwk Ildw Prqh| dqg Ordqv
Zh frqvlghu wkh uhpdlqlqj txhvwlrqv udlvhg lq Vhfwlrq 41
Txhvwlrq 4= Zkdw frqvwlwxwhv ixoo| vhfxuhg ohqglqjB
Revhuydwlrq 4= Vhfxuhg ohqglqj fdq rqo| eh zhoo0ghqhg li wkh sulfh v|vwhp lv
erxqghg/ dqg wkh ordq uhsd|phqw lv dozd|v ihdvleoh1
Txhvwlrq 5= Krz lv dw prqh| frqvhuyhg lq dq hfrqrp| zlwk edqnuxswf|B
57Revhuydwlrq 5= Zkhq edqnuxswf| wdnhv sodfh/ LRX qrwhv ru ghew lqvwuxphqwv duh
ghvwur|hg1 Wkh vshflf dprxqw ri dw prqh| lq wkh v|vwhp lv frqvhuyhg1 Exw dv
qrwhg ehorz/ lwv glvwulexwlrq pd| eh lq xhqfhg e| wkh edqnuxswf| vhwwohphqw1
Txhvwlrq 6= Krz fdq xqsdlg ghewv eh glvfkdujhgB
Revhuydwlrq 6= D edqnuxswf| dqg uhrujdql}dwlrq surfhgxuh lv ghvljqhg vshflfdoo|
wr zlsh rxw wkh LRX qrwhv dqg vhwwoh pdwwhuv e| wkh uhglvwulexwlrq ri wkh dw prqh|
dqg rwkhu dvvhwv lq wkh hfrqrp|1
Txhvwlrq 9= Xqghu zkdw flufxpvwdqfhv fdq d ordq pdunhw/ wrjhwkhu zlwk dssursuldwh
ghidxow uxohv eulqj derxw Sduhwr rswlpdolw|B
Revhuydwlrq 9= Dowkrxjk zh kdyh qrw grqh vr lq rxu fxuuhqw prgho/ zh frxog
frqvlghu ghewruv zkr frxog klgh wkhlu delolw| wr uhsd|1 Wkxv/ dq lqglylgxdo frxog
fkhdw e| vwdwlqj wkdw kh kdv qr lqfrph/ zkhq/ lq idfw kh grhv1 Lghdoo|/ li dq doo0
vhhlqj rxwvlgh edqn/ zklfk lv ixoo| lqiruphg ri doo vwdwhv ri wkh v|vwhp dqg irujlyhv
xqiruwxqdwh ghewruv/ fdq uhfrjql}h dqg sxqlvk wkrvh zkr fkhdw/ lw zloo eh deoh wr
frqyhuw wkh vwrfkdvwlf lqfrph ri hdfk lqglylgxdo lqwr lwv phdq ydoxh1 E| frqfdylw| ri
wkh xwlolw| ixqfwlrq wkh phdq ydoxh frqvxpswlrq zloo eh Sduhwr rswlpdo dqg grplqdwh
wkh vwrfkdvwlf frqvxpswlrq1 Lw fdq gr wklv e| fkdujlqj dq dssursuldwho| kljk lqwhuhvw
udwh dqg olplwlqj wkh dprxqw wkdw dq| lqglylgxdo fdq eruurz wr klv h{shfwhg lqfrph1
Uhsd|phqwv zloo htxdo eruurzlqj/ wkh hhfwlyh udwh ri lqwhuhvw zloo eh }hur/ dqg hdfk
lqglylgxdo zloo eruurz xs wr klv olplw vhw e| wkh edqn1 Klv lqfrph zloo dozd|v eh ohvv
wkdq ru htxdo wr wkh dprxqw kh rzhv1 Dv kh fdqqrw fkhdw kh sd|v edfn zkdwhyhu
kh fdq> wkxv/ lq htxloleulxp/ dw wkh vwduw ri hdfk shulrg klv qhw zhdowk lv }hur1 Kh
eruurzv wr wkh olplw rqfh pruh1 Wklv dprxqw kdv ehhq vhw e| wkh doo0vhhlqj edqn
wr htxdo wr klv h{shfwhg lqfrph1 Hdfk lqglylgxdo eruurzv dqg vshqgv d qrqudqgrp
dprxqw hdfk shulrg/ exw uhsd|v d udqgrp dprxqw htxdo wr zkdwhyhu kh hduqv1 Kh lv
irujlyhq dq| vkruwidoo1
Lq dfwxdolw|/ vxfk d frvwohvvo| uxq/ doo0vhhlqj edqn grhv qrw h{lvw1 Wkh lqirupdwlrq
frqglwlrqv uhtxluhg iru vxfk d edqn duh hqruprxv1 Lw zrxog kdyh wr nqrz wkh ghwdlov
ri hyhu| udqgrp yduldeoh lq xhqflqj hdfk lqglylgxdo/ dqg wkh uhdol}dwlrqv ri hyhu|
udqgrp yduldeoh/ lq rughu wr glvwlqjxlvk ehwzhhq wkh krqhvw srru dqg wkrvh frqfhdolqj
lqfrph1
Txhvwlrq 44= Zkdw duh wkh frqglwlrqv uhtxluhg rq dq rxwvlgh edqn wr uxq d ordq
pdunhw/ li wkh sulydwh vxsso| dqg ghpdqg iru prqh| zloo qrw eh htxdoB
Revhuydwlrq 44= Wkh rxwvlgh edqn fdq phhw h{fhvv ghpdqg iru ordqv e| ohqglqj
iurp lwv rzq uhvhuyhv dv lq H{dpsoh 61 Lw frxog olnhzlvh devrue h{fhvv vxsso|1 Dv
H{dpsoh : looxvwudwhv/ d prqh| pdunhw lv qrw dv  h{leoh1
Txhvwlrq 45= Krz srzhuixo dq lqvwuxphqw fdq prqhwdu| srolf| eh yld wkh frqwuro
ri wkh ordq dqg ghsrvlw udwhv dqg fuhglw uhvwulfwlrqvB
58Revhuydwlrq 45= D suhflvh uhso| fdqqrw eh jlyhq wr wklv txhvwlrq zlwkrxw d vhq0
vlwlylw| dqdo|vlv ryhu d vshflhg grpdlq> lqwxlwlyho| lw dsshduv/ krzhyhu/ wkdw wkh
lpsruwdqfh ri fuhglw uhvwulfwlrqv dv d zd| ri frqwuroolqj wkh g|qdplfv ri h{shfwdwlrqv
lv fulwlfdo1
Txhvwlrq 46=Zkdw fdq eh vdlg derxw wkh g|qdplfv zkhq wkh hfrqrp| lv rxw ri
htxloleulxpB
Revhuydwlrq 46= Wkh dssurdfk dgrswhg khuh pd| eh uhjdughg dv d qhfhvvdu| suh0
olplqdu| wr wkh ghyhorsphqw ri g|qdplfv1 Lq rughu wr vwxg| htxloleulxp zh zhuh
uhtxluhg ixoo| wr vshfli| wkh odzv ri prwlrq/ exw wkh h{lvwhqfh surri ri htxloleulxp/
wkrxjk krshixo/ grhv qrw surylgh d surri ri frqyhujhqfh iurp d srvlwlrq ri glvhtxl0
oleulxp1 Lq sduwlfxodu/ lw lv hdv| wr frqvwuxfw pdq| htxdwlrqv ri prwlrq edvhg rq
glhuhqw h{shfwdwlrqv/ doo ri wkhp frqvlvwhqw zlwk wkh vdph htxloleulxp exw zlwk
glhuhqw g|qdplfv1 Wkh fodvvlfdo frezhe h{dpsoh fdq eh prglhg wr vkrz wklv1
Txhvwlrq 47= Zkdw lqwhuyhqwlrqv duh qhhghg wr suhyhqw sulfh fudvkhv ru h{sorvlrqvB
Revhuydwlrq 47= Wkh frqglwlrqv glvfxvvhg lq Vhfwlrq 515 lqglfdwh wkh lpsruwdqfh
ri erxqglqj sulfhv dqg lqwhuhvw udwhv1 Wkxv lw dsshduv wkdw lwhpv vxfk dv rughuo|
pdunhwv/ dqg jryhuqphqw prqhwdu| lqwhuyhqwlrq zkhq lqwhuhvw udwhv duh wrr kljk ru
orz/ duh qrw phuho| lqvwlwxwlrqdo idfwv/ exw zd|v lq zklfk wkh vwdwh0vsdfh ri wkh jdph
lv nhsw frpsdfw/ dqg hphujh dv frqglwlrqv qhfhvvdu| iru wkh h{lvwhqfh ri htxloleulxp1
Lq sduwlfxodu/ wkh ghedwh rq zkhwkhu fhuwdlq qdqfldo surfhvvhv frxog kdyh xqerxqghg
yduldqfhv dsshduv wr klqjh rq erwk vrph vshflf hpslulfdo idfwv frqfhuqlqj lqglylg0
xdo dqg pdvv lqyhvwphqw ehkdylru/ dqg rq gholfdwh pdwkhpdwlfdo frqglwlrqv lqyroylqj
glylvlrq e| }hur ru xqerxqghgqhvv ri vwudwhj| vhwv1 Wkhvh frqvlghudwlrqv ohdg xv wr
frqmhfwxuh wkdw iru vprrwko| ixqfwlrqlqj pdunhwv qhdu htxloleulxp/ pxfk ri frqyhq0
wlrqdo qdqfh wkhru| zlwk frqwlqxrxv surfhvvhv pd| vhuyh dv d jrrg dssur{lpdwlrq1
Exw gxulqj sdqlfv ru xqghu vwuhvv wkh lqvwlwxwlrqv dqg wkhlu uxohv pd| qrw eh vxi0
flhqw1 Wkhvh uxohv lqfoxgh frqglwlrqv jryhuqlqj vshfldolvwv/ olplwlqj ru h{whqglqj
vshfldo fuhglwv/ dqg olplwlqj wudgh1
Li wkh g|qdplfv jrhv wrr idu rxw ri frqwuro/ wkh uhdfwlrq ri wkh vrflhw| lv wr forvh
pdunhwv dqg uhrujdql}h wkh lqvwlwxwlrqv1 Krzhyhu/ hyhq zkhq wkh v|vwhp vwd|v zlwklq
srolwlfdoo| dffhswdeoh erxqgv/ wkhuh pd| eh htxloleulxp frqglwlrqv zklfk vxssruw
mxpsv lq vwrfn sulfhv1 Lq wklv vxuyh| zh kdyh qrw prghohg wkh vwrfn pdunhw h{solflwo|1
Wklv uhpdlqv wr eh grqh/ exw wkh revhuydwlrqv ri Pdqghoeurw +4<96/ 4<99/ 4<9:, dqg
wkh prghov ri Duwkxu +4<<7, dqg Edn dqg Sdf}xvnl +4<<8, vxjjhvw vhyhudo dssurdfkhv
wr prgholqj wkh vwrfn pdunhw dv dq lqqlwh krul}rq vwudwhjlf pdunhw jdph1
Txhvwlrq 48= Zkdw fdq eh vdlg derxw wkh yhorflw| ri prqh|B
Revhuydwlrq 48= Lq wkh prghov suhvhqwhg khuh wkh frqfhsw ri dw prqh| lv zhoo
ghqhg1 Lw frxog eh uhjdughg dv d sk|vlfdo hqwlw| vxfk dv groodu eloov1 E| vshfli|lqj
wkdw wkhuh eh rqo| rqh wudglqj vhvvlrq shu shulrg/ wkh yhorflw| lv dw prvw rqh shu
shulrg1 Xvlqj wkh w|sh ri ixoo| ghqhg jdph prgho vxjjhvwhg khuh/ lw zrxog eh
59srvvleoh wr uxq h{shulphqwdo jdphv zkhuh/ e| shuplwwlqj vhyhudo wudglqj vhvvlrqv
shu shulrg/ rqh frxog h{shulphqwdoo| revhuyh wkh yhorflw| ri dw prqh|1 Exw lq dq
dfwxdo hfrqrp| wzr gl!fxowlhv dsshdu1 Dv wkhuh duh pdq| qhdu prqlhv ru prqh|
vxevwlwxwhv vxfk dv fkhfnv/ sulydwh edqnqrwhv/ fuhglw fdugv/ errn wudqvihuv/ hwf111zkdw
rqh zlvkhv wr ghqh dv prqh| xvhg lq wudqvdfwlrqv ehfrphv frpsoh{1 Ixuwkhupruh/
hyhq vlpsoh revhuydwlrqv rq krz pdq| wlphv d zhhn d 58 fhqw slhfh fkdqjhv kdqgv
duh qrw hdv| wr pdnh1
; DSSHQGL[= Dq Rswlpdolw| Surri
Lq vhyhudo ri rxu h{dpsohv/ zh kdyh fodlphg wkdw d fhuwdlq srolf| lv rswlpdo iru dq
lqglylgxdo djhqw zkhq wkh hfrqrp| lv lq htxloleulxp1 Khuh zh looxvwudwh vrph jhqhudo
whfkqltxhv e| vnhwfklqj d surri ri rswlpdolw| iru wkh srolf| ri H{dpsoh 71 Dv zh qrwhg
deryh/ surriv iru prvw ri wkh rwkhu h{dpsohv fdq eh irxqg lq wkh wkuhh frpsdqlrq
sdshuv1
Vxssrvh wkdw wkh hfrqrp| ri H{dpsoh 7 lv lq htxloleulxp zlwk wkh {hg sdud0
phwhuv n @4 @6/ ￿ @5 / 2 @4 / s @4 /  @7 @:/ /d q g zkhuh wkh odvw wzr
sdudphwhuv uhpdlq wr eh fkrvhq1 Frqvlghu wkh vlwxdwlrq ri dq lqglylgxdo djhqw zlwk
lqlwldo zhdowk Vf @ v1 Wkh djhqw fdq fkrrvh wr elg dq| dprxqw ri prqh| e lq wkh
lqwhuydo ^3>v.4@6`1V l q f hw k hs u l f hs lv 4/ wkh elg e ex|v e xqlwv ri wkh jrrg dqg wkh
djhqw uhfhlyhv x+e, xqlwv ri xwlolw|1 Li 3  e  v/ wkh djhqw ghsrvlwv v  e lq wkh edqn
dqg ehjlqv wkh qh{w shulrg zlwk zhdowk
V￿ @+ 4.2,+v  e,.\ @5 + v  e,.\
zkhuh/ e| dvvxpswlrq/ S^\ @4 `@6 @: dqg S^\ @7 `@7 @:1L iv?e v .4 @6/w k h
djhqw eruurzv e  v iurp wkh edqn dqg pryhv wr
V￿ @ +4 . 2,+e  v,.\ @6 + v  e,.\=
Wkh wzr irupxodv iru V￿ fdq eh zulwwhq lq wkh irup
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Diwhu wkh uvw pryh/ wkh jdph frqwlqxhv iurp wkh qhz srvlwlrq exw zlwk glvfrxqwhg
ixwxuh uhwxuqv1
Wklv jdph iru d vlqjoh djhqw lv hvvhqwldoo| d glvfrxqwhg g|qdplf surjudpplqj
sureohp lq wkh vhqvh ri Eodfnzhoo +4<98,1 +D whfkqlfdo glhuhqfh lv wkdw Eodfnzhoo
dvvxphv d erxqghg uhwxuq ixqfwlrq lq hdfk shulrg1, Ohw Y +v, eh wkh vxsuhpxp ryhu
doo srvvleoh srolflhv ri wkh h{shfwhg glvfrxqwhg uhwxuq ri dq djhqw vwduwlqj dw v1W k h q
Y vdwlvhv wkh Ehoopdq htxdwlrq=
Y +v, @ pd{
f$K$rn￿*￿
^x+e,.H+Y +j+v  e,.\ ,,`=
5:Qh{w ohw T+v, eh wkh uhwxuq vwduwlqj iurp v li wkh djhqw xvhv wkh srolf| ghqhg lq
H{dpsoh 71 Wr vkrz wkdw wkh srolf| lv rswlpdo dprxqwv wr surylqj wkdw T+v,@Y +v,
iru doo v1 Krzhyhu/ e| d vwdqgdug uhvxow ri g|qdplf surjudpplqj/ lw vx!fhv wr vkrz
wkdw T vdwlvhv wkh Ehoopdq htxdwlrq1 Htxlydohqwo|/ zh qhhg wr vkrz wkdw iru hdfk
v/w k hi x q f w l r q
#+e,@#r+e,@x+e,.HT+j+v  e,.\ , +4,
dwwdlqv lwv pd{lpxp rq wkh lqwhuydo 3  e  v .4 @6 dw e @ f+v,1
Iluvw/ zh qhhg wr fdofxodwh T dqg lwv ghulydwlyh1 Wkh nh| wr wkh fdofxodwlrq lv wkh
ixqfwlrqdo htxdwlrq
T+v,@x+f+v,, . HT+j+v  e,.\ ,=
Li zh vxevwlwxwh lq wkh uljkw0kdqg vlgh xvlqj wkh ghqlwlrq ri f+v,/ dqg wkh glvwulexwlrq
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2  v  6
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A A A A A A >
=
W k h u v wd q gi r x u w ko l q h vf d qe hv x e v w l w x w h gl qw k hv h f r q gd q gw k l u gw rj h w
T+v,@
;
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2  v  6
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<
A A A @
A A A >
=
Wkh uljkw0 dqg ohiw0ghulydwlyhv fdq eh fdofxodwhg dw wkh hqgsrlqwv e| frqwlqxlw| iurp
wkh uljkw dqg ohiw/ uhvshfwlyho|1 Iru T wr eh frqfdyh/ zh qhhg
4  b
. . ￿2
.   S
. . H
.  = +5,
Wkh plggoh lqhtxdolw| krogv dxwrpdwlfdoo|> zh dvvxph wkh rwkhu wzr lqhtxdolwlhv krog
dovr1
Zh fdq qrz fkhfn wkh Ehoopdq htxdwlrq iru T e| vkrzlqj wkdw wkh ixqfwlrq
# @ #r iurp +4, dwwdlqv lwv pd{lpxp dw e @ f+v,1 Frqvlghu irxu fdvhv1
5;Fdvh 4= 3  v  5￿
S
Vlqfh f+v,@v .4 @6/z hq h h g#￿+e,  3 iru e  v .4 @61 +Zh duh vrphzkdw
fduhohvv derxw hqgsrlqwv> wklv grhvq*w pdwwhu ehfdxvh ri frqwlqxlw|1,




.T+5+v  e, . 4, . e




.T￿+5+v e,.4 , H
.T￿+5+v  e,.7 ,
 4  ￿e
. 
 3 li   ￿
2=
Li v  e  v . ￿




.T+6+v  e, . 4, . e




.T￿+6+v e,.4 , ￿2
. T￿+6+v  e,.7 ,
 4  6
 3 li   ￿
￿=
Fdvh 5= 5￿
S  v  5￿
2
Khuh f+v,@5 ￿
21 Vr zh qhhg #￿+e,  3 iru e  5￿
2 dqg #￿+e,  3 iru e  5￿
21
Li 3  e  v/ wkhq h{dfwo| dv lq Fdvh 4
#￿+e,  4  ￿e
.   3 li   ￿
2=
Li v  e  5￿




.T+6+v  e,.4 ,.e

















2  e  v . ￿



























Wkh uhpdlqlqj wzr fdvhv/ qdpho| 5￿
2  v  6 dqg v  6/f d qe hw u h d w h gd q d o r 0
jrxvo|1




pxvw eh lpsrvhg1 Doo ri rxu frqglwlrqv duh vdwlvhg/ iru h{dpsoh/ zkhq  @4 @6 dqg
 @9 @46=
Uhpdunv
41 Wklv h{dpsoh jlyhv xv d vwdwlrqdu| htxloleulxp zlwk wzr glhuhqw lqwhuhvw udwhv1
Krzhyhu/ wkh rswlpdo srolf| lv qrw xqltxh1 Lw vkrxog eh srvvleoh/ exw shukdsv
sdlqixo/ wr jhw dq h{dpsoh zlwk pruh xqltxhqhvv1
Wkh h{dpsoh jlyhv vrph lqwxlwlrq dv wr zk| lw lv gl!fxow wr suryh dq h{lvwhqfh
wkhruhp iru lqwhuhvw udwhv zklfk edodqfh wkh errnv1 Khuh zh vwduw zlwk lqwhuhvw udwhv
zklfk jlyh d vlpsoh Pdunry fkdlq1 Wkh fkdlq ydulhv qlfho| dv d ixqfwlrq ri wkh rwkhu
sdudphwhuv1 Li zh { wkh rwkhu sdudphwhuv dqg ydu| wkh lqwhuhvw udwhv/ wkh ehkdylru
ri wkh fkdlq lv pruh frpsolfdwhg1
63Uhihuhqfhv
Duwkxu/ E1/ 4<<3/ 111/* Vflhqwlf Dphulfdq/ 5= <5<<1
Duwkxu/ Z1 E1/ 4<<71 Lqfuhdvlqj Uhwxuqv dqg Sdwk Ghshqghqfh lq wkh Hfrqrp|1
Dqq Dueru= Xqlyhuvlw| ri Plfkljdq Suhvv1
Edn/ S1 dqg P1 Sdf}xvnl/ 4<<81 Frpsoh{lw|/ frqwlqjhqf| dqg fulwlfdolw|/ Surf1 Qdw1
Dfdg1 Vfl1 XVD/ <5= 99;<99<91
Ehzoh|/ W1/ 4<;91 Vwdwlrqdu| prqhwdu| htxloleulxp zlwk d frqwlqxxp ri lqghshq0
ghqwo|  xfwxdwlqj frqvxphuv1 Lq Hvvd|v lq Krqru ri Jhudug Gheuhx/h g l w h ge |
Z1 Kloghqeudqg dqg D1 Pdv0Frohoo1 Dpvwhugdp= Qruwk Kroodqg/ ss1 :<4351
Eodfnzhoo/ G1/ 4<981 Glvfrxqwhg g|qdplf surjudpplqj/ Dqqdov ri Pdwkhpdwlfdo
Vwdwlvwlfv/ 69= 5595681
Gxeh|/ S1 M1 Jhdqdnrsorv dqg P1 Vkxeln/ 4<;;1 Edqnuxswf| dqg h!flhqf| lq d
jhqhudo htxloleulxp prgho zlwk lqfrpsohwh pdunhwv/ FIGS ;:<1
Gxeh|/ S1 dqg P1 Vkxeln/ 4<;41 Lqirupdwlrq frqglwlrqv/ frppxqlfdwlrq dqg jhqhudo
htxloleulxp/ Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/ 9+5,= 4;94;<1
Ihogpdq/ P1 dqg F1 Jlohv/ 4<;81 Dq h{srvlwru| qrwh rq lqglylgxdo ulvn zlwkrxw
djjuhjdwh xqfhuwdlqw|/ Mrxuqdo ri Hfrqrplf Wkhru|/ 68= 59651
Jhdqdnrsorv/ M1/ L1 Ndudw}dv/ P1 Vkxeln/ dqg Z1 G1 Vxgghuwk/ 4<<:1 D vwudwhjlf
pdunhw jdph zlwk dfwlyh edqnuxswf|/ FIGS lq surjuhvv1
J x u o h | /M 1J 1d q gH 1V 1V k d z /4 < 9 3 1 Prqh| lq d Wkhru| ri Ilqdqfh1 Zdvklqjwrq
GF= Eurrnlqjv1
Lmlul/ \1 dqg K1 Vlprq/ 4<::1 Vnhz Glvwulexwlrqv dqg wkh Vl}hv ri Exvlqhvv Ilupv1
Dpvwhugdp= QruwkKroodqg1
Md|zdghqh N1/ 4<<61 SkG1 Wkhvlv \doh Xqlyhuvlw|/ Qhz Kdyhq1
Ndudw}dv/ L1/ P1 Vkxeln dqg Z1 G1 Vxgghuwk/ 4<<71 Frqvwuxfwlrq ri vwdwlrqdu|
Pdunry htxloleuld lq d vwudwhjlf pdunhw jdph/ Pdwk Rshudwlrqv Uhvhdufk/4 < =
<:843391
Ndudw}dv/ L1/ P1 Vkxeln dqg Z1 G1 Vxgghuwk/ 4<<:1 D vwudwhjlf pdunhw jdph zlwk
vhfxuhg ohqglqj/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/w rd s s h d u 1
Oxfdv/ U1/ 4<:;1 Dvvhw sulfhv lq dq h{fkdqjh hfrqrp|/ Hfrqrphwulfd/ 79= 475<47781
Pdqghoeurw/ E1/ 4<961 Wkh yduldwlrq ri fhuwdlq vshfxodwlyh sulfhv/ Mrxuqdo ri Exvl0
qhvv/ 69= 63:6651
Pdqghoeurw/ E1/ 4<991 Iruhfdvwv ri ixwxuh sulfhv/ xqeldvhg pdunhwv dqg cPduwlqjdoh*
prghov/ Wkh Mrxuqdo ri Exvlqhvv ri wkh Xqlyhuvlw| ri Fklfdjr/ 6<= 5755881
64Pdqghoeurw/ E1/ 4<9:1 Wkh yduldwlrq ri vrph rwkhu vshfxodwlyh sulfhv/ Wkh Mrxuqdo
ri Exvlqhvv ri wkh Xqlyhuvlw| ri Fklfdjr/ 73= 6<67461
Vkdsoh|/ O1 V1/ 4<:91 Qrqfrrshudwlyh jhqhudo h{fkdqjh1 Lq V1 D1 \1 Olq +hg1,/ Wkhru|
dqg Phdvxuhphqw ri Hfrqrplf H{whuqdolwlhv1 Qhz \run= Dfdghplf Suhvv/ ss1
4884:81
Vkdsoh|/ O1 V1 dqg P1 Vkxeln/ 4<::1 Wudgh xvlqj rqh frpprglw| dv d phdqv ri
sd|phqw/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8+8,= <6:<9;1
Vkxeln/ P1/ 4<:61 Frpprglw| prqh|/ roljrsro|/ fuhglw dqg edqnuxswf| lq d jhqhudo
htxloleulxp prgho/ Zhvwhuq Hfrqrplf Mrxuqdo/ 44+4,= 576;1
Vkxeln/ P1/ 4<;71 D Jdph0Wkhruhwlf Dssurdfk wr Srolwlfdo Hfrqrp|1 Fdpeulgjh=
P1L1W1 Suhvv1
Vkxeln P1/ 4<<;1 Wkh Wkhru| ri Prqh| dqg Ilqdqfldo Lqvwlwxwlrqv1 Fdpeulgjh=
P1L1W1 Suhvv/ iruwkfrplqj1
Vkxeln/ P1 dqg V1 \dr/ 4<<31 Jrog/ oltxlglw| dqg vhfxuhg ordqv lq d pxowlvwdjh
hfrqrp|1 Sduw LL= Pdq| gxudeohv odqg dqg jrog/ Mrxuqdo ri Hfrqrplfv/8 5 =
4561
Vkxeln/ P1 dqg Z1 Zklww/ 4<:61 Ildw prqh| lq dq hfrqrp| zlwk rqh qrqgxudeoh
jrrg dqg qr fuhglw +D qrqfrrshudwlyh vhtxhqwldo jdph,1 Lq Wrslfv lq Glhu0
hqwldo Jdphv/ hglwhg e| D1 Eodtxlhuh1 Dpvwhugdp= Qruwk Kroodqg/ 4<:6/ ss1
73477<1 +Dovr FIS 6;< dqg FIGS 6881,
Vwrnh|/ Q1 O1 dqg U1 H1 Oxfdv/ 4<;<1 Uhfxuvlyh Phwkrgv lq Hfrqrplf G|qdplfv1
Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1
65